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Presenting Bourns Trimpot® Model 3300 __. NUMBER 20—NEW PRODUCT SERIES 
The Only Potentiometer with All These Features: 


(1) Smaller-than-transistor size—just 5/16” dia. x 3/16”. 
(2) Resistance from 502 to 20K. 


(3) Full compliance to MIL Specs for cycling humidity, sand, 
dust, salt spray, fungus (meets MIL-STD-202, MIL-E-5272). 


(4) Positive end stops. 
(5) Precious-metal contacts. 


(6) Sealed lightweight plastic case (no shorts to the board). 


(7) Industry-standard pin arrangement. 
(8) Exclusive Silverweld® multi-wire termination (virtually inde 
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structible under thermal or mechanical stress) 


The single-turn, 0.5 watt Model 3300 is as tough as it is tiny 
It stands up to 175°C heat, 30G vibration and 100G shock. Its 
quality is checked by 100% inspection and double-checked by 
the rigid Bourns Reliability Assurance Program. In every unit, 
the performance you specify is the performance you get 


Production quantities available immediately with either printed 
circuit pins or solder lugs and bushing mount. Write for com 
plete data. 
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1 BOURNS 
- 


BOURNS. INC TRIMPOT DIVISION 

6135 MAGNOLIA“ AVE RIVERSIDE CALIF 

PHONE OVERLAND 4-1700 > TWXR RZV222 
CABLE BOURNSING 


Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada 
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New Veeder-Root high speed digital readout counter meets new needs in 
automation and system design. !t’s precision engineered to record, display 
and electrically transmit accumulated digital levels. More than that, it’s 
a fresh approach to a widening range of automation needs... an ingenious 
electrical link for digital indication, data recording, storage and trans- 
mission, automatic sequencing, predetermining control. See what this ver- 
satile unit can do for your equipment or designs. Write Electrical Section, 
Veeder-Root Inc., Hartford 2, Connecticut. count on... VEEDER-ROOT 


Series 1744 High-Speed Digital Readout 
Counter saves time and labor by elimi- 
nating manual counting and recording 
of production. It counts twice as fast, 
resets ten times as fast as previous units. 
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New low-cost altitude pressure switch 
with accuracy over wide temperature range 


Here is another new pressure switch 
from Consolidated Controls with an im- 
portant combination of benefits: small, 
simple, light, low-cost. 

The Ni-Span-C sensing element gives 
you accuracy over a wide temperature 
range, operating in conjunction with a 
sub-miniature snap-action switch. What's 
more, it is field adjustable because 
special internal stops permit adjustment 
over the entire altitude range by simply 
turning the snap-action switch assembly. 
Only a vacuum pump and gauge are 
necessary for calibration. 

The unit is completely ‘‘O’’-Ring sealed 
and housed, within one-piece anodized 
aluminum case. Electrical connector is 


independent of adjustment mechanism. 


Available as absolute, gauge or vacuum 
unit, the Type 214C50 pressure switch is 
also offered with a variety of pressure and 
electrical connections. For full details, 
write or telephone Mr. Charles Colt, 





Bethel, Conn., Pioneer 3-6721, DDD 
Code 203. 
Performance characteristics 


of Type 214C50 Altitude Switch 


Adjustment range — sea level to 70,000 feet 
Accuracy — 2% from —65 to 250°F. 

Vibration — Mil-E-005272C procedure XII 

Life — 50,000 cycles minimum 

Contract arrangement —SPST, SPDT, nor- 
mally open, normally closed 

Weight — 3% ounces, without bracket 


CONSOLIDATED CONTROLS CORPORATION 


BETHEL, CONNECTICUT 
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I wish to pass along a comment 
made by a Loral Value Engineer, con 
cerning the October 1961 article o1 
Servo Motors, namely list under the 
model numbers a_ typical quantit) 
price (i.e., 100 pes). 

Today, “makes no difference what 
the costs are” is a dying attitude 
Since prices reflect product perfor 
mance, etc., manufacturers would not 
be slighted by disclosing this addi- 
tional information and the Engineer 
could speed up his design at consider- 
ably less administrative effort. 

In conclusion, I would appreciate 
permission to reproduce these pages 
to other Loral design engineers. 
ELECTROMECHANICAL DESIGN 
will, of course, be given credit. 

C. Osiecki 
Val. Eng. Pub. Ed. 
Loral Electronics Corp. 


New York, N. Y. 


We agree. Unfortunately some manu- 
facturers refuse to disclose costs for 
publication but in the future we shall 
be including this information along 
with the performance characteristics. 
Those manufacturers who do _ not 
want costs indicated will appear with 
blanks in the cost area. — Ed. 


KUDO’S 


. . . Congratulations on the accom- 

plishment of ELECTROMECHANI- 

CAL DESIGN during the past four 

years. I find your magazine most use- 

ful to my field of quality assurance 
and reliability. 

Jack D. Rowley 

Manager, Quality Assurance 

Melabs, Palo Alto, Calif. 


I am enclosing $2.00 (two dollars) 
in order to continue my home sub- 
scription to ELECTROMECHANI- 
CAL DESIGN. I enjoy your publica- 
tion very much and I hope you never 
change the contents. I’ve saved al- 
most every copy since I started read- 
ing it. At present I classify it as the 
best of five publications I read. It 
borders on being a text book. 


Thomas F. Bernard 

Denver Division, The Martin Co. 
Denver, Colo. 

(Continued on page 4) 
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W/L on target ! 
New METOHM line 
exceeds MIL-R-10509D 


As a supplement to the unexcelled VITROHM resistors, Ward Leonard now offers 
to designers of commercial, military and industrial electronic equipment a line of 
molded metal film precision resistors, designed and tested to exceed the require- 
ments of MIL-R-10509D, characteristics B, C and E. You can stake your reputa- 
tion on Ward Leonard resistors. 

Available in %, % and % watt sizes, W/L METOHM precision resistors feature 
the highest degree of built-in reliability and operating stability. Temperature 
coefficients, over the range —55°C to +175°C, may be as low as +25 parts per 
million. Standard tolerance +1%. Tolerances down to +0.1% on special order. 





































METOHM MIL RATED OHMIC VALUES MAX. VOLTAGE 
TYPE EQUIVALENT WATTS MIN. MAX. RATING 
WL 60 RN 60 Vp 30 | 500K 250 V. 

WL 65 RN 65 VA 50 | 1 meg. 300 V. 
WL 70 RN 70 Wy 50 | 1.5 meg. 350 V. 





































Write for complete specifications and a list of distributors. Ward Leonard Electric 
Co., 15 South Street, Mount Vernon, New York. 0.10 
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(Continued from page 2) 
I wish to be placed on distribution 
for “ELECTROMECHANICAL DE- 
SIGN”. Several articles in recent 
months have been interesting and 
useful. I work in the Military De- 
partment of Univac Division and of 
course our product line is data proc- 
essing equipment. In particular, | 
am concerned with the quality con- 
trol aspects, including test, of the 
computer building blocks. I direct 
the activities of four engineers as 
well as an inspection crew of 20 in 
this capacity. Your magazine would 
be an informative source of informa- 
tion for us and I would appreciate 
your consideration. 
James D. Pribble 
Supervising Engineer 
Quality Assurance, Military Dept. 
Remington Rand Univac 
St. Paul, Minnesota 


If at all possible, I would like 

a copy, reprint, or tear sheets of the 

article Component Digest 21 entitled, 

“Semiconductor Devices”, parts one, 

two and three. It was a very informa- 

tive article and well worth keeping 
for future reference. 

Robert B. Walljasper 

Design Engineer 

Research & Development Div. 

Eagle Signal Company 

Moline, Illinois 


. This is just a note to tell you 
how much we appreciated the article 
that you did for us in ELECTRO- 
MECHANICAL DESIGN. We were 
very impressed with the quality of 
the article but we were even more 
impressed with the quantity and qual- 
ity of the inquiries we received. We 
received almost 500 inquiries, almost 
all of them from people in excellent 
positions. 

Herbert R. Gopstein 

Sales Manager 

Vogue Instrument Corp. 

Brooklyn, N. Y. 


. . . Just a note of thanks for your 
magazine which I have been receiv- 


ing for two months. ELECTRO- 

MECHANICAL DESIGN is one 

complimentary magazine I really en- 
joy. 

Phillip L. Browning 

Instrument Engineer 

Research Triangle Institute 

Durham, North Carolina 


ELECTROMECHANICAL DESIGN 








M. 





ition 


DE- 
cent 
and 
De 
1 of 
roc- 
oo 
COn 
the 
rect 

as 
) in 
yuld 
ma- 
iate 


ble 
eer 
pt. 
vac 
ota 


like 
the 
ed, 
ne, 
na- 
ing 


er 
eer 
iv. 
ny 
ois 





| 5 i ome te). tei, 1, ile7.. & 
components & systems | DESIGN 


OFFICES 


NEW ENGLAND 
G. Palken 


167 Corey Road 
Brookline 46 Mass. 


BEacon 2-5470 


NEW YORK 
M. Berns, C. J. Dobbs, W. Chenoweth 
565 Fifth Ave. 
New York 17, N.Y 
YUkon 6-3780 


CHICAGO 
L. Woods, A. Boz, D. C. Hascall 
Macintyre-Simpson & Woods 
75 East Wacker Drive 
Chicago 1, Illinois 
CEntral 6-1715 


CLEVELAND 
L. Woods, A. Boz, D. C. Hascall 
Macintyre-Simpson & Woods 
1900 Euclid Ave. 
Cleveland 15, Ohio 


CHerry 1-1501 


FLORIDA 


J. B. Cashion 


904 Chamber of Commerce Bldg. 
Miami 32, Florida 


FRanklin 1-9941 
MOhawk 1-7722 


C. H. Adams 


P. O. Box 1051 
Holmes Beach, Florida 


BRadenton 9-4045 


LOS ANGELES 
T. A. Schell, H. N. Schell 


2700 West Third Street 
Los Angeles 57, California 


DUnkirk 2-4889 


SAN FRANCISCO 
C. F. Meister 
Charles F. Meister Co. 
2252 West Beverly Blvd. 
Los Angeles 57, California 


DUnkirk 8-7115 


Circulation for December 
: over 30,000 


PRINTED AT BEN FRANKLIN PREss, INC. 
50 GREENWAY STREET, PirTsFIELD, MAss. 





Published monthly by Benwill Publishing Corpo- 
ration. Harold G. Buchbinder, President; Milton 
Berns, George Palken, Robert B. Brotherston, 
Vice Presidents. Executive, Editorial and Sub- 
scription Office, 167 Cerey Road, Brookline 46, 
Mass. Telephone BEacon 2-5470. ‘Copyright 1961 
by Benwill Publishing Corporation. Accepted as 
controlled circulation publication at Pittsfield, 
Massachusetts. POSTMASTER: send form 3579 to 
Benwill Publishing Corporation, 167 Corey Road, 
Brookline 46, Mass. 


DECEMBER 1961 








| 
| 















SNAP-ACTION 
CONTACTS 

(SPDT OR Por, 

5 AMPS) 


CONTINUOUS-DUTY 
COIL 


MODERATE 
PRICE 


































Quite a job, this new Heinemann Type B Relay. Loz 
_ refinements. Like totally enclosed contacts (for AiR sia environ- 
mental contamination and tampering). And a balanced armature (for im- 
: shock and vibration resistance). And a smaller pole-piece (to reduce 
‘ noise). * Electrically, the Type B has a lot to offer, .too. Most - 
r continuous: duty coil, It ee the — to work not only as 
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NEW 
NORDEN 
MICROGON 


High resolution 

angle encoding system 
now available 

in simpler, 

more compact unit 


Fee. 


Norden’s new MICROGON provides digital encoding of angular displace- 
ment and angular rate with continuously available pure binary or 
binary-coded decimal output in parallel or serial form. The associated 
electronics, developed by Colorado Research Corporation, has been 
fully transistorized for greater reliability, reduced power consumption, 
and compactness; the unit requires only ten inches of space in a standard 
rack mounting. In addition, a new electronic technique for coarse angle 
data acquisition allows all angular information to be carried over only 
two wires from the transducer. 

Already in use on satellite communication antennas, theodolites and 
missile tracking instruments, and inertial component test facilities, 
these MICROGON systems offer: 





CHARACTERISTICS OF MICROGON 
MODEL 512/219 


Total Counts per Turn 524,288 

Accuracy at Any Point 2.48 seconds of arc 
Readout... . 19 bit parallel pure binary 
Maximum Interrogation Rate. .50 kc. 

Maximum Shaft Slew Rate. . .80 degrees per second 


with full accuracy 
e Extremely high resolution in a single turn—360,000 counts per turn 








in decimal format or 524,288, 1,048,576 and 2,097,152 ts oias “nab —— 
in decimal format or ,288, 1,048, and 2,097, counts per ; ; 
turn in binary format (2!9, 220, 221), sgh ka gaa 
e Exceptional accuracy—at least as good as one quantum throughout 
360 degrees of rotation as a result of unique time and position Temperature. —20 C to +55C 
averaging inherent in the system. Vibration... .. per MIL E 4158 


e Inherent reliability—automatic correction of data should an error 
or power failure occur. 


MICROGON transducers are supplied in solid shaft or hollow shaft con- 
figurations for convenient mounting on theodolites, tracking instru- 
ments, radar and communication antennas, rate gyro test tables, inertial 
platform gimbals, and automated machine tool rotary tables and 
lead screws. 
For illustrated brochure and complete speci- 
fications On MICROGON systems—or any 
other Norden encoders—write or call Nor- 
walk, Connecticut, TEmple 8-4471 or TWX 
NWLK Conn. 21. 


. * 
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Transducer Dimensions 
Transducer Weight. . 
Transducer Torque 


Electronics Dimensions... . 


Electronics Weight. 


Total Power Requirements. 


.3.375” diam. x 5.35” long 


4.5 Ibs. 
1.35 02.-in. 


. 10X19 in. panel, 


16.5 in. deep 
75 Ibs. 


. .105-130 volts, 60 cps., 


150 watts 











NORDEN ~* DIVISION OF UNITED AIRCRAFT CORPORATION 
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FORCE IN POUNDS 


| 1, 2, 3. a Supplies more technical performance data than 








Vol SERIES 
SOLENOIDS 


THE MOST COMPREHENSIVE LINE OF 
GENERAL PURPOSE SOLENOIDS AVAILABLE 
TO INDUSTRY 

e % INCH TO 2% INCHES IN DIAMETER @# STROKES 
FROM .01 TO 1% iNCHES @# FORCES FROM 5 GRAMS 
TO 70 POUNDS # VOLTAGES OF 12, 24, 36, AND 
115 VDC # 60,000 SOLENOIDS WITHIN THE SERIES 


another industry first... 


a new catalog concept from cannon 





IN WATTS 


POWER INPUT 


« 





LOAD DUTY CYCLE % 
STEP 2 
LOAD DUTY CYCLE 
Coil Rating vs 
Load Duty Cycle, ° 


LOAD DUTY CYCLE 





MAXIMUM TIME ON IN SECONDS 


STEP 3 TIME CYCLE 


STROKE IN INCHES 
STEP 1 
FORCE STROKE 
Curves at Rated Loads 


Load Duty, % vs On Time—Off Time 


Here is a catalog that helps you with your solenoid problems. # Removes the guesswork 
of selecting the proper solenoid size to meet your specifications—as simple as steps 


CANNON 
@ PLUGS 


CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, Calif. 
CIRCLE NO. 7 ON INQUIRY CARD 


ever before available to industry—mechanical, electrical, 
and thermal curves. # Provides for the first time a method 
for selecting the exact voltage, power, motion, mounting, 
termination and plunger—for any size, direct from the 
catalog. For your copy of the S1 Series Solenoid Catalog, 
write to: 


7 





NEW! 


Here is a new concept in ultra-small lighted pushbutton 
switches for control with integral simultaneous visual 
indication. Switches in the ‘300"’ series are designed for 
military and industrial electronic control panels where 
space is an important factor. 


In less than one cubic inch: double-pole double-throw 
switching; two integral lamps; choice of 15 combinations 
of two-color display screens. Alternate-action operation 
(push on—push off). Designed to conform to MIL-S-6743, 
MIL-S-6744, and MIL-E-5272. 


Within the assembly are two SPDT switches, rated 7 
amps. 115-230 vac or 28 vde. A 5-volt sub-miniature lamp 
is under each half of display screen and there are 15 
combinations of color display available. The complete unit 
snaps into panels 0.047 in. thick or greater. No installa- 
tion tools needed. Minimum mechanical life is 100,000 
operations. Lamp life is 60,000 hours at rated load. 


Available in the same size are a momentary-action 
switch, and an indicator unit without switching function. 





ALTERNATE ACTION 
LIGHTED PUSHBUTTON 


Reliable snap-action switches 
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NOTE - 
A\-.8902920 wide SLOT FOR 
ADJACENT MOUNTING OF 
UNITS. FOR INDIVIDUAL 
MOUNTING .890*-929 x.812 MIN 
RECTANGULAR HOL 


LAMP LOCATION 
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for electronic control panels 


CUSTOM-BUILT CONTROL PANELS REQUIRE CAREFUL SELECTION OF SWITCHES 


Immediately available are hundreds of small size switch 
units with variations in dimension, electrical capacity, 
shape, appearance and circuitry. All have undergone 
thorough tests in the most complete test laboratory of 
its kind. 


Shown above and briefly described here are only a few 
of the hundreds of types of switch assemblies available. 


1. Electronic switch-circuit for bounce-free voltage output. 
2. Light force, rapid repeat pushbutton. 


MICRO SWITCH, FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


. Synchronized “one-shot"’ pulse circuit. 

. Compact, 4-pole snap-action pushbutton. 

. Lighted pushbutton, modular design, barrier mount. 

. Lighted pushbutton, electronic ‘‘one-shot"’ switch-circuit. 

. Two-color lighted pushbutton, snap-in flange mounting. 

. Bushing mount lighted pushbutton, high capacity, 2-ckt 

switch. 

For more information and for experienced help in selec- 
tion, contact one of our many branch offices listed in 
the Yellow Pages, or write for Catalog 67 and Bulletin 22. 


Honeywell 
MICRO SWITCH Precision Switches 
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3 UNIVERSAL 
and DC MOTOR 
1/12 
to 1/4 H. P. 
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> A Ms 


AMERICA’S FINEST 

SMALL UNIVERSAL MOTOR 
AT THE LOWEST COST 
IN ITS CLASS! 


fa 


SS) 


XS OM 

































for applications where uniform output is essential... 
| all mating surfaces are machined! ewer ae | 
g : LENGTH: 41%" to 51%" pn 
: ; . ‘ ae elf- 
e Choice of permanently lubricated shield or sealed ball bearings, or rigid H.P.: Continuous: Series—1/6 @ 10,000 R.P.M. plate 
sleeve type with felt oil reservoir and oil return system. Shunt or Compound—1/12 
Intermittent Series—1/4 @ 10,000 R.P.M. EXT 
e Choice of end bells to provide for end mounting, flange mounting or at- Shunt or Compound—1/6 Help 
taching gear units. SPEED: No load: Series—15,000 R.P.M. aie 
ented ith hoi f totall d tilated t ti Shunt or Compound—12,000 R.P.M. 
e Available with a choice of totally enclosed case, or ventilated construction Full Load Speed: Series—3000 to 
with internal fans. 10,000 R.P.M. Inc 
: : Shunt or Compound—1000 to 10,000 R.P.M. Brus 
e Currently in use in computors, blowers, dental equipment, business sinemnimnmirdeds Sw 280 V.Ac~UC aligr 
< : . : Series—6 to . 
machines and other applications. Shunt or Compound—6 to 230 V. DC 
WRITE FOR COMPLETE DETAILS AND NEW CATALOG 
; ( 
THE NATION’S MOST COMPLETE LINE OF FRACTIONAL H.P. MOTORS 
UNIVERSAL & DC INDUCTION SHADED POLE | GEAR MOTORS | MOTOR F 
1/200 to1 H. P. 1/1400 to 1/4 P. | 1/2000to1/30 H.P. | | PARTS SETS 


| i 
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MODEL 243 
UNIVERSAL 

and DC MOTOR A _- gle. 

OTOR CONC Wan _ 
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for business machines and gear applications . . . this motor offers /onger brush life, no stalls! 























WOR’T STALL EVEN WHEN JARRED 2 
° . > . —21%," —3'1K," 
ate Self-aligning sleeve-type bearings have finger-type pressure DIAMETER—2'%a" LENGTH—3'%u 
-M. plate for uniformity of alignment. SERIES MOTOR SHUNT MOTOR 
” Y STAMPE TEEL HO IN FULL LOAD 5000 to 2000 to 
— — - watts pogee pl SPEED 10,000 R.P.M. 7000 R.P.M. 
Helps maintain smooth performance under all conditions... . 
makes this motor ideal for gear applications. MAXIMUM H.P. 1/12 @ 1/20 @ 
Continuous 10,000 R.P.M. 5000 R.P.M. 
INCREASED BRUSH LIFE MAXIMUM H.P. 1/8 @ 1/12 @ 
-M. Brush holders are broached to hold close tolerances for brush Se eS wa lca 
alignment. VOLTAGES 12 to 230 V. AC/DC 6 to 120 V. DC 
Maximum H.P. ratings shown. Variations available for 
WRITE FOR DETAILS AND NEW CATALOG less power to meet application requirements. 





















WN: HOWARD INDUSTRIES, INC., 1796 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 
nién fe Sales Offices: 
HOWARD Chicago area: 576 Northwest Hwy., Des Plaines, lil., VA 7-6173 Los Angeles 36, 942 S. La Brea Ave., WE 8-2444 
Festus, Mo., 1049 Front St., YE 7-3606 New York area: 157 Broad St., Redbank, N. J., SH 1-3356 


ce New York City: Phone BA 7-1343 
Representatives in Principal Cities—Consult Your Classified Phone Book 


End ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION (LS) LOYD SCUGGS COMPANY @&®) RACINE ELECTRIC PRODUCTS 
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The heart of any timer is a time base and Globe Industries has wide freedom 
of choice in selecting the right one for your application. For a.c. timers 
Globe precision synchronous motors can operate from 60 or 400 cycles, 
or special frequency to 1000 cycles. D.C. time bases are available: mechani- 
cally governed d.c. motors are accurate within 4%; d.c. motor—escapement 
mechanism time bases are accurate within 1%; a Globe miniaturized elec- 
tronic governor provides d.c. timing accuracies within 0.01% for critical 
applications. 

Globe’s timer experience includes design and production to MIL specs, 
specified reliability levels, and severe environment protection. Because of 
our wide and successful timer experience we can recommend wisely, de- 
liver the prototype quickly and produce in substantial quantities with very 
reasonable lead time. 

Let Globe recommend a timer for your application. Please request Bulletin 
T-1 from Globe Industries, 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE INDUSTRIES, INC. cj] He)}=j3 


PRECISION MINIATURE MOTORS, GEARMOTORS, TIMERS. 
ACTUATORS, CLUTCHES, BLOWERS, MOTORIZED DEVICES 
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To the Engineer 


looking for a fast circuit seesaw 


AE 
DO 


— 


| 
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If you’re in need of something better than a 
flip-flop that only partially transfers a circuit 
—something with a transit time of less than 
a millisecond—then you'll be delighted with 
AE’s Series PTW Polar Relay. This mag- 
netically biased relay will transfer a circuit 
with the beautiful regularity of an observa- 
tory clock, and trigger on only a few mils 
from your available energy source. 


Substantially smaller than other polar relays, 
the PTW’s unique design virtually guaran- 
tees the high-speed switching of a single cir- 
cuit billions of times without readjustment! 
Its service records to date in telegraph and 


teleprinter circuits and differential controls 
suggest that its life is practically limitless. 
Terminals to meet your specs. 

Our circuit engineers will be happy to work 
with you in adapting the PTW to your 
designs. Or possibly you’d like to leave the 
switching to us—in which case we can take on 
the complete packaging and more than likely 
shave your costs. 

For full information on the PTW, ask for 
Circular 1821-E — and for answers to your 
control problems, write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS a) 
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= COMPONENTS DESIGN 


Performance of miniature coaxial cable now in general use 


has been limited by incompatable connectors. Special design 


techniques applied to a crimp-type connector solve this problem. 


Increasingly high operational speeds and low signal 
levels of modern digital computers have reached the point 
where in many cases their pulses can no longer be carried 
on ordinary hookup wires, but must be entrusted to coaxial 
cable. But, the advantages of coaxial cables are often offset 
by the coaxial connectors. Most of the connectors available 
are not designed for computer service and are either too 
large, too expensive, too difficult to assemble, too unreli- 
able, unsuitable for use when a number of connections 
must be made at the same time, too difficult to mount and 
remove, or a combination of these factors. 

To solve these problems Microdot has designed a crimp- 
type connector employing a number of special design and 
manufacturing techniques. Table I summarizes the char- 
acteristics of the design. 


DESIGN OBJECTIVES 


To ensure that the connector would be suitable for this 
type of service, certain design objectives were established. 
® Both the shield and center conductor must crimp to the 
cable.. As compared with soldering, crimping allows 
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greater ease of assembly with less skilled personnel and 
greater uniformity of electrical and mechanical character- 
istics in the assembled connectors. It is also applicable to 
automatic or semi-automatic assembly. 
® The connector must be small enough to be compatible 
with the miniature coaxial cables (0.150 inch diameter or 
less) now in general use whenever the transmission of 
large amounts of power is not required. 
© It should be available in several mounting options. 
© It should be of the slide-on type so that if necessary, a 
number of connectors can be mated and unmated at one 
time. 
© It must be capable of high-volume, low cost production. 
An important consideration in the design of any coaxial 
connector is to preserve, as much as practical, the charac- 
teristic impedance of the cable with which it is used. This 
essentially demands that the d/D ratio be as large as 
possible; that is, the diameter of the center conductor 
should be small and that of the outer shell be large. Also, 
the connector should be as short as possible. In any crimp- 
type connector this problem is further complicated in that 
a means must be provided for locking the pin into the con- 
nector shell after it is crimped to the cable. 
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by William A. Bentley, Research & Development Engineer, Microdot Inc., South Pasadena, California 


BERYLLIUM COPPER PINS 


Most insertable contacts in use today have the retaining 
device (generally a sleeve containing spring fingers) on the 
contact itself. However, if this retaining spring were built 
into the connector shell instead and worked against a 
narrow flange on the pin, the pin and the connector as 
well could then be shortened by almost one-third. Because 
of the added diameter of the retaining spring, the diameter 
of the pin itself would have to be extremely small, about 
0.055 inch maximum at the area of the crimp. 

Early experiments with crimping utilized brass and cop- 
per pins. The results were distinctly disappointing. An ex- 
tensive test program determined that a tempered beryllium 
copper pin provided the ideal combination of high electri- 
cal conductivity and high cable retention force. In fact, 
with a wall thickness of only 0.010 inch, more than 30 
pounds of force were required to pull out the cable. Be- 
cause of its spring characteristics, beryllium copper is also 
perfect for the center conductor socket, allowing the design 
of a homogeneous socket for greater reliability and lower 
contact resistance. 


THREE-PART SHELL DESIGN 


The shell of any coaxial connector must perform four 
functions: (1) maintain electrical continuity for the cable 
shield; (2) hold the connector pair together; (3) provide 
structural strength; and (4) provide a means of mounting 
the connector. Normally, connector shells are machined 
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Summary of Microdot 
Crimp-type Connector Characteristics: 

The entire connector crimps together to provide simple, fast, 
and trouble free assembly, and high reliability. 

Despite the connectors low cost, Teflon and beryllium copper 
are extensively used, and all conducting surfaces are heavily 
plated with hard gold. 

Available in several mounting style, the connector can be 
mounted on a panel of up to 1/2 inch in thickness; in thinner 
panels it may be mounted flush or exposed. Snap-lock and 
cable mountings are also provided. All variations are avail- 
able as either plugs or sockets. 

The snap-lock mounting is unique in that it will permit a 
high degree of misalignment between mating connectors. 

Housing can be provided with two ranges of mating reten- 
tion force, one to two pounds for multiple rack-and-panel use, 
or 2-5 pounds when the connectors are mated individually. 

In addition to its normal use with coaxial cable, the con- 
nector can be used, because of the locking feature of the 
center conductor, with hookup wire. A turret termination, 
for mounting components, is also available. 

Electrically, the connector may be used for frequencies up 
to 2000 megacycles and at potentials as high as 1000 volts. 
There is no electrical deterioration after 5000 matings and 
unmatings. 
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ROTARY | 
SWITCHES 


by 
ELECTRO-MEC 


All our instruments offer you design flexibility and 
long life. 





Step up reliability. 


Step down size of your system. 


POTENTIOMETERS : A complete line of superprecision linear 


and non-linear potentiometers. Certi- 
fied calibration data, including record- 
ings of output function are supplied 
with each instrument. All AIA sizes from 
RR-O9 to RR-30. 


DIGITOMETERS : Four sizes are available in this shaft angle 


digitalizer, 1.06” to 3.00” Dia. When 
you operate under severe ambient 
conditions, always specify Electro-Mec 
Digitometers. They are designed to 
withstand the rigors of MIL (E) 5272 
environmental tests. 


ROTARY SWITCHES : our newest product with the same 


built-in reliability you have come to 
expect from Electro-Mec. .875” to 3.00” 
Dia., these Rotary Switches can be sup- 
plied singly or in combination with po- 
tentiometers. Current capacity up to 
250 ma. 











For further information or for data sheets, write or telephone 
our Engineering Department. 


ST-6-3402 


ELECTRO-MEC 


INSTRUMENT CORPORATION 
47-51 33 Street — Long Island City 1, N.Y. 


Teletype: NY-4-2126 
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from brass and, because of the low tensile strength of this 
material, are relatively thick. This tensile strength can be 
more than doubled, if the material is extensively cold 
worked as in a deep-drawing operation. Deep-drawing is 
also very desirable for high volume production, but is 
limited in that only relatively simple designs can be pro- 
duced, and screw threads for bulkhead mounting are not 
among them. A way around this is to divide up the func- 
tions of the outer shell, relegating the first three to a deep- 
drawn inner shell and the fourth, that of mounting the 
connector, to a second outer shell. A third shell, deep- 
drawn also, would be swaged over flanges in the first two 
and serve to hold the insulators and contact retainer spring 
in place, as well as to provide a back-up sleeve to prevent 
the shield crimping operation from injuring the dielectric. 


ASSEMBLY IN 4 EASY STEPS 


The connector is delivered to the user in three parts; a 
shell assembly, a pin (or socket), and a crimping sleeve 
for the shield. It is assembled in four easy steps: (1) 
strip the cable, (2) crimp the pin, (3) snap on the shell, 
and (4) crimp the shield. A special hand crimping tool 
must be used because of the small size of the center con- 
tact; this tool contains dies for the shield as well. The 
shield may also be crimped with a Thomas & Betts WT202 
tool. Inspection holes are provided on both the center 
contacts and shield sleeves to insure that the cable is 
properly seated. 

The shell assembly is quite complex, consisting of six 
separate parts. However, this complexity, instead of being 
a liability, is an asset, since it permits a larger number of 
connector configurations to be made from a minimum 
number of stocked parts. For instance, the plug (male) 
and socket (female) inner shells share many of the same 
dimensions, including length and outer diameter. A single 
design of threaded outer shell, when added to the first 
inner shell, will produce a bulkhead plug; to the other, a 
bulkhead socket. 

In the same way, a socket inner shell fabricated from 
brass will provide from one to two pounds of mating and 
unmating force; the indentical shell of beryllium copper 
will provide two to five pounds. The first type could be 
used where 20 or so connectors are mounted in a single 
assembly — a crowbar is not required for unmating. The 
second option is necessary when one connector pair is used 
alone; a cable mounted unit will remain mated even when 
subjected to a 15-g vibrational environment for 12 hours. 

In the snap-lock mounting option, the connector may be 
snapped into a bushing in the panel and removed just as 
easily with an extractor tool. While this is rapidly be- 
coming a standard mounting configuration throughout the 
industry, the snap-lock sleeve in the Microdot crimp-type 
contains an additional feature: the spring fingers press 
against the wall of the bushing as well as the flange, and 
center the connector in the bushing. Thus, when used in 
rack-and-panel service, two snap-lock connectors will mate 
even with an axial misalignment of + 0.025 inch, the 
connectors may be mated and unmated over 5000 times 
without electrical or mechanical deterioration. 

Write No. 280 in Box on Inquiry Card 
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Can high-power coaxial cable 
be really flexible? 


Yes, if it’s our new perforated Teflon® 
tape cable—type RG-281/U. Here’s an 
extra-flexible, high-power coaxial cable 
originally developed for an Air Force 
electronic counter measures system. 


Besides its flexibility, it offers many 
other advantages: 


0 Greater Thermal Stability of this 
unique dielectric construction elimi- 
nates voids between cable and connec- 
tor dielectrics; thus moisture condensa- 
tion at dielectric interface is minimized. 





dose SURE 


0 True Dimensional Concentricity, 
impossible with semi-solid dielectrics 
employing filament construction, is 
achieved by perforated Teflon tape. 
Concentricity, even over small bend- 
ing radii, is maintained because center 
conductor is continuously supported 
by dielectric. There are no filaments 
to slip and bunch under flexing. 

O VSWR less than 1.2. The perfo- 


rated Teflon tape gives a uniform dis- 
tribution of air spaces in the dielectric. 


a ’ “oa 











0 Low Loss—A dielectric constant of 
1.55, compared to 2.0 for solid Teflon, 
assures improved power transmission. 

Use Amphenol brand RG-281/U as 
a general purpose radio-frequency 
transmission line in applications involv- 
ing high power, low loss, flexibility, 
high temperature, dimensional stability 
and exacting electrical characteristics. 

Write today for Data Sheet to: FXR, 
83 East Franklin Street, Danbury, 


Connecticut. » Du Pont 


<3 THE RF PRODUCTS AND MICROWAVE DIVISION 
AMPHENOL-BORG ELECTRONICS CORPORATION 
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INLAND 


Standard DC Torquers 
available in 

the widest range 

of sizes and capacities 


Silent, gearless, Inland DC pancake torque motors 
have high torque-to-inertia ratios and excellent line- 
arity throughout the torque range. They provide an 
exceptional degree of accuracy for direct-drive servo 
positioning, while eliminating problems of backlash, 
windup, and compliance. 

Inland’s complete line of DC torquers serves in 
such varied applications as: missile and aircraft 
stable platforms, radar tracking antenna, space 
vehicle reaction wheel drive, rate table drives, 
rotary solenoids for missile arming systems, and 
special machine tool applications—just to namea few. 

For systems duty with Inland torque motors, a 
line of rotary and solid state amplifiers is also avail- 


able. All Inland products are backed by extensive 
experience .. . thorough quality control, reliability, 
and field testing. . . successful performance in 
practically every major missile and space vehicle 
program. For details, complete specifications, and 
illustrated brochure, write Department 412. 


Standard Model Specification Range 
from smallest to largest torque motors* 


FRAME SIZE 








Peak torque, Ib.-ft. 
Volts at peak torque, stalled at 25°C 
Amps at peak torque 
Sensitivity, lb.-ft. /amp 
Temperature rise per watt, 
ultimate, °C 
Total friction, Ib.-ft. 
Ripple torque, pound-feet 
At low torque levels 
At peak torque 
Weight, Ibs. 


“Numerous sizes available in between. Non-Standard sizes designed to meet specific require- 


ments in these ranges and larger. 


0.1 
48 
1.21 
09 


13.4 
0.003 


0 
0.1 
0.313 


trace 
1200 





CORPORATION OF VIRGINIA 
_A SUBSIDIARY OF 
KOLLMORGEN CORP, 

Nu @¢ HAMPTON, MASS. 
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ROTARY ACTUATOR 


Because it offers a number of advan- 
tages over conventional hydraulic/ 
pneumatic cylinders, providing con- 
siderably greater flexibility at less 
cost, a new rotary device is being suc- 
cessfully applied to an unusually wide 
range of mechanical actuation prob- 
lems. Called the Rota-Cyl, the actu- 
ator is said to perform the equivalent 
function in less than half the length 
required by a conventional cylinder- 
operated rack-and-pinion actuator. 
This saving in physical space is made 
possible because the Rota-Cyl per- 
forms a complete cycle within its own 
length, with no shafts or piston rods 
to extend. 

Completely-sealed and _ explosion- 
proof, Rota-Cyl has no exterior mov- 
ing parts other than the rotary power 














Simple Conversion of Hydraulic to Rotary Power 


shaft. Operation is not limited to a 
single revolution; as many turns as 
desired are provided with constant 
torque throughout. Because power is 
derived from the motion of a self- 
centering piston rigidly coupled to a 
continuous chain, the actuator is com- 
pletely without backlash and is sensi- 
tive to minute changes in flow of the 
actuating fluid. The piston is Teflon- 
sealed, and may be used with all hy- 
draulic fluids, or air, without requir- 
ing lubrication. The device, designed 
by Graham Engineering Co., Palo 
Alto, Calif., is available in a wide 
variety of standard specifications, in 
sizes ranging from tiny instrument 
actuators to heavy industrial power 
actuators. 


Write No. 211 in Box on Inquiry Card 
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Fasteners 


Bulletin on Speed Nut brand fasteners 
consists of 32 pages and presents each 
fastening principle employed in the 
major product line with actual appli- 
cations and engineering data. A 
generous selection of popular sizes, 
each clearly defined in a dimensional 
chart, provides complete technical in- 
formation for the design or purchas- 
ing man. Presentetl in case history 
style is a section devoted to multiple- 
function fasteners. 

Source: Tinnerman Products, Inc. 





Cleveland, Ohio 
For your copy: Write No. 841 on Inquiry Card 
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Instrument Counter 


Designed as a ready reference for 
use by engineers in determining the 
counting instruments best suited to 
their particular applications, a catalog 
provides specifications and detailed 
descriptions along with special appli- 
cations to which this line of counters 
has been adapted. Because of their 
design these units will attain higher 
speeds and operate for longer life 
than has been previously possible 
with instrument counters. 

Source: Durant Mfg. Co. 


Milwaukee, Wisc. 
For your copy: Write No. 842 on Inquiry Card 








STATIC — 
INVERTERS 





Lightweight 
DC to AC Sine Wave inverter. 
Shown: 550 VA; other sizes available. 


¢ fully transistorized 
¢ maintenance-free 
¢ high reliability 


New Vap-Air static inverters offer many 
advantages over rotary-type inverters. 
Vap-Air inverters are fully transistor- 
ized, have no moving parts, need no 
vibration-shock mounting. They have 
no bearings, no brushes to wear out and 
replace . .. require no maintenance. 
Exceptionally reliable performance. 80% 
efficiency compared to 55% for rotary- 
type. Less weight .. . only 19 Ibs. Very 
low noise level. 








BRIEF SPECIFICATIONS 
Rating... ... ...550 VA 
Output..115 + 5% volts, 400 cps, sine wave 
Input... 25 to 31 VDC, 28 VDC nominal 
aE ee 12” x 10" x 4%” 
Rae 19 Ibs. 
Distortion. Less than 10% 
Efficiency. ... .. aie 80% 
Ambient Temperature Range —40 to +160°F. 











VAP-AIR...COMPLETE CONTROL CAPABILITIES 


Entire systems and a complete line of 
sensors, electronic controls and precise 
power supplies, electro-pneumatic and 
electro-mechanical valves, advanced in- 
line air valves and regulators, electric 
power controllers and heat exchange 
equipment—for aircraft, missiles, and 
ground support equipment. 


for complete information write: 


VAP-AIR DIVISION 
VAPOR CORPORATION 
80 East Jackson Bivd. 

7 Chicago 4, Illl., Dept. 62-1 
NEW YORK - ST. PAUL + DENVER - WASHINGTON 
PHILADELPHIA - SEATTLE - SAN FRANCISCO 
HOUSTON + RICHMOND + LOS ANGELES - ST. LOUIS 
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HERMETICALLY SEALED SILICONHI 
Micro-Thin Glass Film DIODES AN RA 


Seals Reliability Into Hundreds of Devices 
In One Operation 








Surfaces of semiconductors have widely varying elec- mus 
trical characteristics with addition of only a few molecular con 
layers of nearly any type of ion or atom. Sealing the sur- the 
faces of a semiconductor device against moisture and of | 
other contaminants is therefore essential to its long-term Alu 
stability. tact 

Various manufacturers protect their units by physical hig 
or chemical treatment of the surface. Others isolate the ten 
junctions from chemical environments by bonding a pro- we 
tective layer on the surface. Techniques include use pun 
of thermally grown oxides alone, thermally grown oxides ou: 
treated with various organics, low temperature glasses chi 
and plastics, and high lead silicate glasses. me 

In a paper presented to the 1961 Electron Devices om 
Meeting, Washington, D.C., October 27, 1961, J. L. un 
Langdon, W. E. Mutter, R. P. Pecoraro and K. K. 

Schuegraf of the IBM Components Division describe a pa 
method of hermetically sealing semiconductors by fusing co 
a high temperature borosilicate glass film onto their sur- pe 
face. The method, which is compatible with the mass = 
array technology used to fabricate single-sided planar th 
devices, provides an economical means for sealing thou- of 
sands of microminiature diodes or transistors simultane- . 
ously. gl 

All steps are performed while the wafer is still whole, lo 
containing approximately 600 transistors or 1200 diodes. di 
The diodes, either N + P or P + N, and transistors gl 
(NPN) are diffused by conventional methods employing = 
oxide masking in conjunction with photoresist techniques. : 

in 
The Sealing Process si 
After completion of the diffusion process, steam is applied a 
to the wafer to thicken its oxide coating. This oxide ti 
serves the sole purpose of preventing contaminants from E 
reaching the junctions during the subsequent glassing u 
operation. Holes through the oxide are etched by con- tl 
ventional photographic techniques to provide contact to t 
the active areas of the diodes and transistors. ; 

Metal is then evaporated over the entire wafer. Regions 
of this metal are subtractively removed by photographic : 
methods, resulting in the contact land configuration. The 
metal areas over the oxide provide a capacitance in : 

Microminiature diodes, protected by IBM’s new glass film parallel with the junction capacitance. Oxide thickness > 
technique, are on a greatly magnified portion of a small and land area are controlled to reduce this capacitance to . 
silicon wafer. One of the diodes is framed in the eye anproximetely OS uf ‘ 
of a small sewing needle. High temperature process “ y h = , 
seals more than 1,000 devices simultancously. ecause of the high temperature required for subse- ) 


quent glassing, selection of a reliable contact metal for 
the device was extremely important. The metal, or metals, 
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lec- must, in addition to being an ohmic | 
lar contact, possess limited solubility in 
ur- the glass and oxide and be capable | 
nd of withstanding glassing temperature. | 
rm Aluminum, which is a standard con- | 
tact metal, was avoided because its | 
cal high solubility in silicon dioxide at | 
-he temperatures in excess of 800°C | 
ro- would create shorts and destroy | 
ise junction properties. In tests of vari- | 
les ous metals for use as land contacts, a 
ses chromium-silver system provided the : . 
pocheane ane a yee Deciccs i, easeno.a: TO provide output speed for radar tracking 
e ; ating this system are presently +4. . . +s 
-" ea ee ee To provide integral information for digital computors 
K. After formation of the metal land 
a pattern, the surface is completely SOLUTION: An in-line assembly containing a servomotor, temperature 
ng covered with a powdered, high-tem- compensated rate generator, gear train and digital pulse 
te perature silicate glass supended in a generator providing 8 pulses per revolution. A separate 
SS suitable vehicle. The wafers are sigh aa lif Siete: ate ki; 
ar then fired at a temperature in excess | SEINE: SUVS RENEE Compras Che pacnage. 
u- of 800°C for five minutes to obtain D.C 
“s a smooth, continuous, pinhole-free 
glass surface, 3 microns thick. Holes 
e, located from 5 to 7 mils from the 
S. diffused junction are etched in the COMMAND Sh heer 0 
rs glass by photographic techniques to SIGNAL 
2 expose the metal land areas. The G 
5. holes are then sealed with solder balls = 
5 mils in diameter by use of a mask- | OUTPUT 


ing jig and fusing the balls on the 
wafer at 400°C. Finally the wafer is 
cut with an ultrasonic “knife” into | 


An input voltage is compared with the generator output 
voltage in a feedback loop. This arrangement provides 


300°C, but seven were unchanged | TRANSICOIL DIVISION 

up to and including 24-hour exposure | 

to 450°C. WORCESTER * MONTGOMERY COUNTY * PENNSYLVANIA 
Write No. 216 in Box on Inquiry Card Foreign : Daystrom International Sales Division, 100 Empire St., Newark 12, N.J. e Cable: DAYIN 
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d tiny diodes and transistors which re- | accurate speed control of the motor —and the output 
e tain their glass seal permanently. shaft. Output of the pulse generator represents the time 
n Electrical contact of the solder balls integral of the input voltage. Accuracy is held to 0.1%. 
Zr to the land metal permit assembly of | : 
f the device chip to a circuit without | For you: A design staff and manufacturing skill, experienced through 
) thermocompression bonding. hundreds of similar cases, to solve your own servo problems 
In evaluating the protection obtained — swiftly and economically. 

; by glassing, the standard Mil 202A 
. test was found to be too mild — no Write for CASES /N SERVO CONTROL. 
, failures occurred during five months | 

of testing. Subjected to a steam en- | a? 
vironment with gradually increasing | “ =, 
; temperature, one glass unit failed at | PT DAYSTROM s INCORPORATED 
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OIL-TIGHT 
DUST-TIGHT 
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ENCLOSURES 





WALL MOUNTED, 
in 18 stock sizes. 


FLOOR MOUNTED, 
in double door or 
multiple door 

units —11 } 
stock sizes. ' 


JIC 
NEMA 12 
PANEL ENCLOSURES 


Ideal for housing electrical controls, 
components and terminal strips. Note 
removable mounting panel, Neoprene 
gasket on door protects against dust, 
dirt, oil, water. Strong 
} welded construction. No 
| holes or open seams. 
Alsoavailable in NEMA 
types 1, 3, 4 and 5. 









JIC 
WIRING 
BOX 


Heavy gauge 
steel, welded 
seams. No knockouts or holes to 
leak oil, water or dust. Neoprene gas- 
keted cover with screw clamp makes 
tight oil-proof seal. Available with 
or without removable panel. 8 stock | 
sizes from 4”x4"x3” to 16"x 14"x6”. | 


PUSHBUTTON <li: | 
ENCLOSURES 


A complete selection 
of types and sizes. 
Fine quality con- 
struction and finish. 
Welded seams. Cover 
has neoprene gasket. 
Holes take any 
standard oil-tight 
pushbutton. Types. 
range from ‘“Stand- 
ard”’ as shown, to Extra Deep, Slim 
and Pendent.For one to 25 pushbuttons. 





OIL-TIGHT 
JIC SECTIONAL 
WIREWAY 








ok 
Perfect protection tor = 
control wiring. Neoprene eign 
on cover and between joints seals 
out liquids and dust. Easy to assemble. 
Full length hinged cover simplifies 
wiring installation or modification after 
installation. Stock sizes: 24%4"x 24”, 
4”x 4” and 6x 6” in lengths up to 10’ 
with Elbows, ‘‘T’’s, etc. 


We also duild enclosures to customer specifications 


‘ ENGINEERING 
CORPORATION 
Dept. EMD-122, Anoka, Minn. 
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TIMING PROGRAMMER WITH 0.1% ACCURACY 





Developed as part of an arming and 
fuzing system for the Army’s atomic 
weapons, a digital timing programmer 
has the flexibility of design to permit 
an unlimited number of application 
variations and modifications for in- 
dustrial-military uses. The number 
of functions to be controlled is re- 
stricted only by the unit’s allowable 
physical size. Timing increments can 
be as close as ten microseconds; func- 
tions can be fixed or variable in time 
from the application of power or from 
a control signal. 

In its application as part of the 
arming-fuzing system, the solid state 
programmer, manufactured by Tempo 
Instrument Inc., Hicksville, N._ Y., 
consists of two identical, independent 
programmer channels. Each channel 
has a four-stage, adjustable timing 
program accurate to better than 0.1 


per cent under extreme environmental 
conditions —— —65 to +-165°F; 50 g’s 
at 2,000 cps; and 100 g’s shock and 
acceleration. To meet the Army’s ex- 
treme accuracy and flexibility require- 
ments, Tempo used digital techniques 
— generation of an accurate time base, 
counting of the generated pulses, and 
the sensing of the preset time with 
AND gates — that give basic clock 
accuracy throughout the timing range. 

Packaging techniques received 
special consideration. To provide the 
necessary resistance to high level 
shock and vibration, the circuits are 
contained on five printed circuit disks 
with each disk potted in rigid poly- 
urethane foam to completely encap- 
sulate all components. The potted 
disks are bolted together and inter- 
connected and the entire assembly is 
mounted in an outer shell with the 
volume between filled with silicone 
rubber. This solid packaging ap- 
proach, Tempo reports, minimizes 
mechanical resonances during vibra- 
tion over the wide frequency range. 

All timing errors observed during 
the testing program were far below 
the 100 milliseconds allowed by 
Army specification and directly re- 
flected oscillator accuracy. The great- 
est error occurring during temperature 
tests was 27 milliseconds at a preset 
fuzing time of 109.9 seconds which 
represents an accuracy of 0.024 per 
cent for the longest time required. 
The basic characteristics of the pro- 
grammer remain constant in all ap- 
plications. 

Write No. 212 in Box on Inquiry Card 
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Transistor Cooling 


Providing the reader with one of the 
most complete coverages of transistor 
heat dissipator design and effective- 
ness, a 48 page test report gives junc- 
tion and case temperatures and power 
dissipation for power transistors in a 
variety of natural.and forced air en- 
vironments. Report evaluates an ad- 
vanced dissipator design said to be 
twice as efficient as conventional fin- 
types of equal volume. Coordinated 
with the text are graphs, charts and 
drawings, as well as full-page pho- 
tographs of the environmental test 


laboratory set-ups to fully present the 
subject. 


Source: IERC Div., International Electronic 
Research Corp. 
Burbank, Calif. 

For your copy: Write No. 839 on Inquiry Card 


Precision Clamps 


Pocket-sized catalog presents dia- 
grams, specifications and O.E.M. list 
prices for over 150 different types of 
miniature precision instrument clamps. 
A valuable guide for design engineers, 
this book is divided into 10 clamp 
categories and all parts listed are 
available from stock. 

Source: Sterling Instrument 

Port Washington, N. Y. 
For your copy: Write No. 840 on Inquiry Card 
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“TEASE PROOF” PUSH-BUTTON SWITCH 


Positive acting mechanical linkage pre- 
vents the engagement of more than 
one push-button at a time in a new 
switch design. American Monarch 
Corp. reports that the switch has a 
full interlock and lock out design and 
is absolutely “tease proof.” Designated 
Series TP 8800, the units can be 
furnished with from 1 to 10 stations 
with each station actuating up to 6 
“C” contacts in a group. Interlock- 
ing bar and cam makes it impossible 
to “tease” and release any button 
from an engaged position without 
actuating another position. Push-but- 


ton or solenoid operated release is 
available. 

Snap action contacts have ratings 
of 5 amps at 120/250 volts ac (30 
volt de rating, 3 amps inductive, 5 
amps resistive). Two or more switch 
modules may be stacked and switch 
may be mounted in any position. 
Production switches, the company re- 
ports, have been tested for over 50,- 
000 operations with no failures. Price 
on 5 station model with 6 “C” con- 
tacts per station is approximately 
$50.00 in quantity. 

Write No. 214 in Box on Inquiry Card 
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SIZE 8 SYNCHROPOT" 


first In-Line Assembly 
of synchro 
and potentiometer ! 


Industry’s first in-line-assembled syn- 
chro and potentiometercombination 
—that’s the unique SY NCHROPOT! 
A single turn linear potentiometer 
is tied to a size 8 synchro trans- 
mitter, differential, resolver, or con: 
trol transformer to provide a high 
degree of system flexibility. Unitized 
package means easy installation, 
space-saving convenience. Direct 
coupling between synchro rotor and 
wiper arm eliminates gears and back- 
lash. Ideal for conversion of three 
wire synchro data into linear ac or 
de data, utilizing the potentiometer 
with a control transformer in a con- 
ventional feedback loop. 


Potentiometer resistance values 
from 100n to 10,000n. 


Call or write your nearest 
Daystrom Field Engineer for infor- 
mation specific to your application. 
*TRADEMARK 


eat, 
DAYSTROM, 


INCORPORATED 


TRANSICOIL DIVISION 
WORCESTER + MONTGOMERY COUNTY + PENNSYLVANIA 


Foreign: Daystrom International Sales Division, 
100 Empire St., Newark 12, N.J. « Cable: DAYIN 
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Nickel-Cobalt Drum Surface 
And Floated Head Assembly 


Result 


Mauch of the emphasis in present- 
day memory drum design is toward 
higher performance — greater packing 
densities in bits per inch, faster ac- 
cess times, more storage capacity per 
dollar invested — and in general, ac- 
cording to Norman H. Mehl, Special 
Prods. Mgr., Guidance & Control 
Systems Div., Litton Systems, Inc., 
these “target” values are measured 
under the ideal conditions of the 
computer laboratory, with tempera- 
ture, pressure, and vibration under 
close control, and where the weight 
and volume of the associated elec- 
tronics necessary to unravel the more 
sophisticated signals can be _ con- 
sidered as unimportant factors. 

In the case of an airborne drum, 
however, vibration, electrical noise, 
unexpected shocks and a variety of 
other hazards must be taken into ac- 
count. Moreover, Mehl pointed out, 
since there will be neither time nor 
personnel for trouble shooting the sys- 
tem when in operation, it must have 
great reliability. 

To provide “built-in” reliability, 
drum designers first must assume, 
Mehl suggested, that some combina- 
tion of the following events are cer- 
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in Strong Readback Signals 


tain to occur: 
© Differential temperature expan- 
sion, due to uneven cooling or 
heating of the drum and housing. 
© Eccentricity in the drum, result- 
ing from distortion due to aging. 
® Bearing runout, which may be 
appreciable even when the best 
bearings are specified. 
© Movement of _ the 
heads after clamping. 
® Variations in the thickness of 
the recording medium. 
® Possible bending of the drum 
due to gravitational forces, or 
resulting from acceleration. 
® Distortion of the drum due to 
centrifugal forces and wuneven 
stresses in the material. 
Litton’s experience has been that 
nearly all of these troublesome fac- 
tors may be counteracted by using a 
nickel-cobalt plated drum surface and 
a floating, rather than fixed head. 
This combination, Mehl revealed, 
results in an exceptionally strong 
readback signal, measured in hun- 
dreds rather than tens of millivolts. 
The strength of this signal simplifies 
the output circuitry, reduces the 
chance of error, and contributes to 


magnetic 


the possibility of packing densities 
of up to 400 bits per inch. 

Additional reliability is achieved in 
the electronic segment by analyzing 
every circuit on a worst-case basis 
which contrasts, Mehl contended, to 
the more normal procedure of using 
an arbitrary safety factor in a con- 
ventional design. Component speci- 
fications at Litton are further de-rated 
to counteract the effects of tempera- 
ture, aging, noise, and similar factors. 
To guarantee reliability, Litton uses 
true current switching in driving the 
inputs to all transistors, and all tran- 
sistors (except in the read amplifier) 
are operated in either a saturated 
“on” or a reverse biased “off” state. 
Where fast transient response is re- 
quired, a combination current and 
charge gating technique is employed 
which minimizes the effects of stray 
capacitance, base diffusion transit lag, 
and minority carrier storage. 


Fixed vs Floated Head 


Fixed heads are mounted in the drum 
housing at a precise distance from 
the revolving surface of the drum. In 
theory, Mehl pointed out, the dis- 
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Litton’s magnetic storage drum with one row of micro-float 
head assemblies attached to drum shroud, and openings for 
other assemblies. Magnesium alloy drum stores one-half- 
million bits at great accuracy under extreme environments. 
Write current is 2.5 ampere turns, and read signal is 500 to 
800 millivolts under load. Heads are mounted on flat. surfaces 
machined on the outside casing. A slot is cut for the contact 
element itself, with one wall of the slot defining the track 
position. In most cases the heads are mounted so that there 
are 16 tracks per inch, with either one or two heads per 
track, spaced 0.1 inches in line. Heads may be adjusted by 








works out to approximately 0.030 inches. This is the only 
adjustment that must Le made in mounting or replacing the 
heads. Micro-float head assembly in Litton’s C-7000 com- 
puter has vertical freedom inside case under spring tension. 
Typical head element is a 1/8th-inch button at the end of a 
beryllium copper leaf spring. Button is an epoxy casting 
surrounding a split ferrite chip. Gap in the ferrite contains 
a silver shim, soldered to a fine copper-wire loop that is 
threaded through a small ring magnet above. Spring construc- 
tion guarantees that the lapped surface of the head element 
always will be exactly tangent to the drum surface, no matter 

















several bit lengths along the circular track. 


tance between the fixed head and the 
revolving surface will remain con- 
stant, if the drum bearings are in per- 
fect alignment and the drum _ pe- 
riphery is machined to a_ perfect 
cylinder and coated with a flawless 
layer of magnetic material. In prac- 
tice, he maintained, this is impossible, 
especially in an airborne environment 
where g-loads may cause serious dis- 
tortions in the drum or housing and 
weight limitations put a ceiling on 
how heavily the structures may be 
reinforced to prevent the distortions 
from occurring. To compensate for 
the relative eccentricities that are 
bound to occur, Mehl declared, the 
closest practical spacing for a fixed 
head is 0.001 inches, a sufficient dis- 
tance to sharply limit the packing 
density that can be achieved. Even 
more serious, in using fixed heads, ac- 
cording to Mehl, is the modulation of 
the output signal that can occur as 
vibration, temperature change, or 
shock varies the distance between 
head and drum. In fact, he believes 
that this modulation is probably the 
greatest single source of error in the 
playback of digital data from a 
memory drum. 

On the other hand, with the use 
of micro-floated heads, Mehl as- 
serted, eccentricity in the drum 
causes negligible modulated readback 
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In practice this 


signal. Excessive distortion, he said, 
will drive a fixed head into the re- 
cording medium, but not a micro- 
floated head. Also, any distortion or 
movement greater than one-half the 
bit length may effect or cause a read- 
out error with a fixed head but, again, 
this is not true with a floated head. 

Mehl described, as follows, how 
Litton engineers, by concentrating 
singlemindedly on reliability both in 
mechanical design and electronic cir- 
cuitry, solved the major problems in 
designing an airborne memory drum 
using the micro-floated heads. 

Exact thickness of the air gap be- 
tween a micro-floated head and the 
drum surface depends on a number 
of variables, including the density of 
the air (as the air thins out at higher 
altitudes, a micro-floated head _ rides 
closer and closer to the surface), the 
speed of revolution of the drum, the 
spring loading on the head, and the 
area of the plastic “shoe” that sur- 
rounds the head itself and provides 
aero-dynamic lift. Diameter of the 
drum affects the spacing in two ways. 
First, it determines the velocity of 
the surface as a function of the speed 
of revolution. Second, it defines the 
shape of the wedge formed by the 
drum surface and the leading edge 
of the head shoe. The smaller the 
diameter, the lower the surface speed, 






how extended or retracted the element may be. 


but the thicker the wedge. Research 
by Litton has proved that for all 
practical drum diameters, a simple 
lapping of the head shoe to a flat 
surface will provide a_ satisfactory 
aerodynamic wedge for lifting the 
head above the boundary layer of air. 

Exact thickness of the air gap be- 
tween the micro-floated head and the 
drum surface is almost impossible to 
measure, but with extrapolated meas- 
urements, Litton calculated it to be 
between 20 and 40 millionths of an 
inch. As a result, extremely precise 
magnetic fidelity is achieved, even at 
high packing densities. 


Minimum Flutter 


Having solved the problem created 
by the distortions that occur in the 
drum and casing during airborne op- 
eration, the micro-floated head 
created new problems of its own 
since it is a spring-loaded device. 
Changes in the forces acting on the 
head may occur, such as vibration or 
changes in air density. These work 
against the spring loading, lifting the 
head off its airstream cushion and dis- 
torting the signal. If additional 
strength is added to the spring to 
counteract such forces, there is a 
danger that the head will break 
through the boundry layer and rub 
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off on the surface. Fortunately, Mehl 
pointed out, if the weight of the head 
element is kept to an absolute mini- 
mum, resulting in an extremely low- 
inertia mass, only moderate spring 
pressure is required to neutralize any 
expected g-force accelerations. 

Through careful design, Litton en- 
gineers have reduced the weight of 
the spring-loaded element to less than 
1/20th of a gram. As a result, the 
spring loading can be reduced to less 
than 5 grams, and still produce a 
head structure that can withstand 100 
g vibration or shock. 

Another advantage of the light- 
weight head, Mehl reported, is that 
its natural frequency is very high, 
allowing it to follow the drum sur- 
face with high fidelity. In a typical 
case, a head with a natural frequency 
of 2000 cps is required to follow a 
drum revolving at 50 cps. The head 
therefore can track a surface distor- 





tion involving only a 9-degree arc on 
the drum. Conversely, he observed, 
most distortions are eliptical in na- 
ture, therefore occurring at a 100 cps 
frequency, so there is little chance 
that variations in the drum will in- 
duce a flutter in the head. 


Phase-modulated Signal 


Type of head determines to a con- 
siderable extent the type of recording 
signal used. For example, with a di- 
rect-coupled head, Litton generally 
recommends an NRZ recording. In 
the case of their micro-floated head, 
Manchester is the preferred method, 
since the head is transformer-coupled 
to the input-output windings through 
a copper loop, which serves as a 
single-winding secondary and is free 
to move with the contact element. 
Manchester recording produces, in 
effect, a phase-modulated signal. The 
output phase is compared to the clock 
track, and if they are identical, the 
system reads the bit as a “1”. If the 
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GAS-BEARING 
DRUM 


Helium Film 
Key to 
Increased 


Memory Capacity 


and 


Greater Reliability 


Librascope Div., General Precision has 
developed a miniature digital com- 
puter, 19 Ibs, for space-vehicle and 
satellite flight guidance. Designated 
the L-70, its high reliability is based 
on a new gas-bearing memory drum 
design, welded circuitry, improved 
cooling, and a reduction in the num- 
ber of components. 

The memory drum spins on a thin 
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phase is delayed by a half cycle, the 
output is read as a “O”. In practice, 
this results in a readout pattern that 
shows a full-wave, full-frequency out- 
put so long as “l’s” or “0's” follow 
each other, with a_half-frequency 
wave each time that there is a switch 
from a “1” to a “O” or a “O” to a “1”. 

Phase-modulation techniques are 
wasteful of track length, since a full 
wave is required for each bit, and in 
theory a full wave should be able to 
carry two bits of information. But 
Litton combines phase-modulation 
with full saturation of the _nickel- 
cobalt plated surface resulting in a 
strong signal that is essentially error 
free. The information is recorded 
and read in ac form only, eliminating 
the problem of dc isolation errors. 
There is no need, Mehl emphasized, 
for clamping the signal at a bias level 
to reduce noise, since the noise must 
be in coincidence, both at the right 
phase and the right amplitude, if it 
is to cause any errors. 

Write No. 204 in Box on Inquiry Card 





Librascope’s L-70 flight-guidance computer weighs only 19 lbs. and 
measures 8.5 x 10 x 8 inches. 


film of helium gas, instead of a metal 
bearing as in earlier systems, thus 
eliminating mechanical wear and al- 
lowing closer tolerances between the 
drum and the magnetic devices that 
record and withdraw data. This latter 
feature, in turn, gives a much greater 
memory capacity. Under development 
for 16 months, the gas-bearing drum 
has been successfully tested at vibra- 


tion and shock levels greater than cur- 
rent space-vehicle requirements, ac- 
cording to President W. E. Bratton. 
Floating the memory drum, (when 
rotating) on a gas film, 150 micro- 
inches thick between the drum and a 
head-mounting shroud, allowed Libra- 
scope engineers to accurately locate 
magnetic heads and decrease the 
head-to-drum clearance from 0.001 
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inch in the earlier system memory to 
0.00015 in the new system. The 
closer, more-efficient clearance be- 
tween the drum and heads is made 
possible by eliminating vibration, flex- 
ibility, and the wear factor inherent 
in the use of conventional shaft and 
ball-bearing drum suspension. 

Read-write heads are flush with the 
inside diameter of the bearing shroud, 
allowing the gas-bearing film to auto- 
matically maintain the proper head-to- 
drum clearance. Flush mounting al- 
lows fixing the heads solidly in the 
shroud and their position is precision- 
located by a mechanical-optical instru- 
ment, eliminating adjustable clamp- 
ing. Accurate location of the magnetic 
heads plus decreased clearance per- 
mits spacing of recording tracks on 
0.045-inch centers which gives 70 
tracks in a space of 3.70 inches. 

The memory system is hermetically 
pressurized and is designed to with- 
stand severe shock and_ vibrations. 
Preamps are removable in sections to 
allow writing of permanent storage 
tracks through the read heads with- 
out disturbing the system’s hermetic 
seal. Circulation of the gas inside the 
drum and over the shroud maintains 
a minimum temperature differential 
between the two. In its original appli- 


READ-OUT 
EQUIPMENT 


Magnetic Pickups 
Increase Life 
and Reduce Noise 


Data processing at the State Univer- 
sity of Iowa is being speeded, and 
accuracy improved, with use of mag- 
netic pickups in their electronic read- 
ing equipment, according to a report 
from Electro Products Labs., Chicago, 
Ill. Installation of the Electro’s mag- 
netic head pulse commutator, accord- 
ing to Robert A. Edberg, the Uni- 
versity Measurement Research Cen- 
ter’s chief engineer, was prompted by 
a need of greater equipment life and 
less noise interference. 
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cation, the capacity of the gas-bearing 
drum is 112,000 bits and this capacity 
can be increased. Improved cooling of 
the L-70 is provided by design ele- 
ments that conduct internal heat to a 
specially designed cover that functions 
as a heat radiator, providing mini- 
mum operating temperatures and 
longer electronic-component life. 

Another advanced feature of the 
L-70 guidance computer is the output 
module originally developed by Libra- 
scope’s Aerospace Branch for the L- 
600, a classified missile guidance com- 
puter. The module weighs 8 oz with 
dimensions of 214 by 214 by 1 in. 

Improvements over earlier modules, 
in addition to reduced weight and 
size, include elimination of a number 
of components, simplification of the 
gear train, and an increase in thermal 
efficiency to improve potential reliabil- 
ity of design. Standard accuracy of 
the module is 0.1%. 

Improvements were also made in 
the module amplifier: size was re- 
duced more than 50%; heat sinks were 
eliminated by improved thermal effi- 
ciency; component number was re- 
duced; and tachometer feedback for 
servo damping was eliminated by in- 
tegral feedback in the amplifier. 

Write No. 206 in Box on Inquiry Card 










Heart of the new commutator is a 
synchronized set-up shaft, around 
which are mounted 15 of the mag- 
netic pickups which serve as accu- 
rately spaced pulse sources; 12 heads 
are used in actual test score process- 
ing; the other three for control pur- 
poses. 

Since pickups do not require auxil- 
iary bearings, shafts, or special hous- 
ings — required with mechanically 
coupled tachometer systems — they 
make, EPL points out, little or no 































Gas-bearing memory drum of Libra- 
scope’s new L-70 flight guidance com- 
puter spins on a thin film of helium gas 
replacing metal bearing suspension sys- 
tem of earlier computers. New design 
provides increased ‘capacity — system 
stores in excess of 112,000 bits. Drum 
weighs slightly over 5 lbs. 


Close-up of Electro Products Lab’s. mag- 
netic head-pulse commutator used at 
State University of Iowa’s Measurement 
Research Center. Spur-gear rotor in 
left foreground sweeps a single EPL 
magnetic head generating 12 pulses on a 
common output, while single rotor (at 
right) successively sweeps 12 magnetic 
heads to generate 12 separated input 
synchronized pulses. 


noise in operation and have a very 
high life rating. The magnetic pickup 
consists of a cylindrical*magnet (per- 
manent type) with a coil of copper 
wire wound around it; the latter us- 
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: Bistable Amplifier for 
static relay control 


Richard B. Doorley, Mgr., New Products Div. 
Railway Maintenance Corp., Pittsburgh, Pa. 


“Norbatrol helped us cut 
R&D time by 1 year with 
this Bistable Amplifier’ 


“Norbatrol’s Bistable Amplifiers solved many 
control problems in redesigning our McWilliams 
Jack-and-Production Tamper from manual to 
reliable, automatic operation. Now this RMC 
railroad surface machine operates electroni- 
cally—improves grade and cross level to ac- 
curacies never previously accomplished. And 
we got a bonus,” Mr. Doorley continues, “these 
rugged, reliable static relays cost less than 
alternate systems.” 

You, too, can speed development and pro- 
duction time with the ultrasensitive Bistable 
Amplifier—it replaces mechanical relays in 
critical control and regulating applications. 
The Bistable incorporates silicon controlled 
rectifiers, magnetic amplifiers and attendant 
circuitry to give multiple inputs as low as 
5 x 10-8 watts, fast response, high gain and a 
current output of 1 Amp at an 85° C. ambient. 


GET THE FACTS on design 
and application data—write for 
technical bulletin CS60. 





NE-l at. = 


NORBATROL 


- Electronics Corp. 


DEPT. E 356 Collins Avenue 
Pittsburgh 6, Pennsylvania 
CIRCLE NO. 28 ON INQUIRY CARD 
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ually wrapped around an_ insulated 
spool which slips over a pole piece of 
smaller diameter that is attached to 


| the end of the magnet. 


Magnetic-core memory of the data 
processing machine stores the correct 


| “answers” or impulses, which are to 
| be correlated with a given “read-out” 
| by the machine, based on impulses 
| generated by the magnetic heads. At 
| the end of the sheet read-in period 
| during the processing cycle, the clutch 


on the magnetic head set-up shaft is 


| engaged, causing its complete revo- 


lution. As the rotor sweeps a mag- 


netic head, the generated pulse trig- 


gers the corresponding read-out driver 
circuit in the memory unit which is 
then interrogated. In order to record 
the information thus developed, engi- 
neers at the Center linked the commu- 
tator to a Bull punch machine and as 
impulses are received from the mem- 
ory unit one or more punch solenoids 
are activated depending upon previ- 
ously stored data. 

The process is repeated as the rotor 
passes in front of each of the 12 EPL 


| magnetic heads. Since the rotor is 


mounted directly on the punch set-up 
shaft, perfect mechanical-electronic 
synchronism is achieved so that punch 
impulses correspond to memory unit 
data and impulses convert to actual 
punches on the correct IBM card line. 

In addition to the commutators, the 
Center employs an electronic scoring 
machine, data processing equipment, 





Overall view of the magnetic head pulse 
commutator and Bull punch as employed 
at Measurement Research Center. 


a high speed printer, and the Bull 
card punch. Equipment has also been 
installed to control humidity and tem- 
perature in the center since paper 
deviations can throw off accuracy of 
the intricate sheet scanning devices. 

Since the introduction of the new 
equipment, the Center can analyze up 
to 6000 answer sheets per hour per 
machine. In three working days, the 
Center can now process testing assign- 
ments that formerly took a staff of 60 
trained persons five weeks to accom- 
plish. 
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MINIATURIZED COMPUTER 


You can put Burroughs Corp.’s new 
computer into a breadbox — the com- 
pany reports that it is the size of a 
loaf of bread, yet it performs at the 
speed of a room size computer. Any 
way you slice it, the new computer 
represents a good example of cram- 
ming a lot of performance into a little 
space. 

Burroughs demonstrated a model 
which was built to prove out their 
new “packaging” construction meth- 
od. Scientists at Burroughs had as 
their basic aim the production of a 
practical miniaturized computer 
which could be built with conven- 
tional commercially-available compo- 
nents and which satisfactorily dissi- 


| pated the heat generated by the 


Packaging Techniques Give Built-in Flexibility 


components. In building the baby 
“brain” they used only electronic 
components which may be readily 
purchased “off the shelf” in the mar- 
ket today. This assured not only 
additional ease of manufacture 
through use of the method of con- 
struction but assured a_ universal 
supply of spare parts for servicing 
as well. 

Called MADDAM (the name is 
derived from MaAcro-Module and 
Digital Differential Analyzer Ma- 
chine), the computer has 5,500 com- 
ponents housed in a space measuring 
3x6x11 inches, a component den- 
sity of 69,000 components per cubic 
foot, and weighs 12 pounds. It per- 
forms 33,000 mathematical calcula- 
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tions per second. 

Macro-Module is the name given 
to their packaging technique which 
has a finned heat exchanger as a cen- 
tral element in a “log” or row of 
triangular chips. The chips, approxi- 
mately three-eighths inch thick and 
the height of a half-dollar, contain the 
required electronic circuitry and they 
plug into a folding printed circuit 
board. Additional compactness is ob- 
tained by folding (or actually wrap- 
ping) the board, holding the upright 
chips around the heat exchanger. The 
chips fit snugly between the fins of 
the heat exchanger. Two such rows 
of chips each three inches square and 
ten inches long, contain the circuitry, 
logic, memory and other working 
parts of the computer. 

This new packaging method incor- 
porates unusual flexibility into com- 
puters; size of the computer may be 
increased to meet varying demands 
by extending the base printed cir- 
cuit board and adding to the number 
of chips used. 

Burroughs scientists stated that this 
special purpose computer will be 
used only for military requirements 
as they develop. Because the system 
has numerous advantages, the scien- 
tists will study ways of adapting the 
techniques to other projects. 

Write No. 205 in Box on Inquiry Card 


a 


PPPPHHPHTVTTTIIIIE 


aA 


AbAALA AAbahae j bdAdsd 


Auk 
AN 


In Burroughs’ new “baby” computer, 
rows of triangular “chips” containing 
electronic components wrap around a 
central heat exchanger to form “logs”. 
The chips are plugged into folding 
printed circuit boards. In the above 
illustration, one of the “logs” (computer 
contains two “logs”) is removed and 
the printed circuit boards are unfolded 
to show the “chips”. This new packag- 
ing method resulted in a computer 
weighing 12 pounds with 5,500 elec- 
tronic parts and performing at speeds of 
a room size computer. 
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military qualified 


LITTON MINIATURE 
SHAFT ENCODERS 


8,13, AND 18-BIT 


e Twice the resolution. 32-to-1 gear ratio. 
e 28 count for one shaft rotation. 
e 5,000,000-revolution life expectancy. 


e Performance proven for: 
Temperatures within —55°C to 100°C. 
Altitude to 70,000 feet. 
Vibration of 5 to 2,000 cps to 10 g. 
Shock to 15g. 
Humidity per MIL Standard 202A. 
Non-flammability. 





For complete information, contact 
Products Marketing Department, Litton 
Systems, Inc., Guidance and Control 
Systems Division, 5500 Canoga Avenue, 
Woodland Hills, California. 





Size 11 Encoder, actual size 





LITTON SYSTEMS, INC. 


GUIDANCE AND CONTROL SYSTEMS DIVISION 
A DIVISION OF LITTON INDUSTRIES 
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| Here's How Haveg Solved the Problem... 


+ HAVELEX 


PRECISION MOLDED RIGID INORGANIC INSULATING MATERIAL 





| 
| 
| 
| 


BRASS 
SLEEVE 
i oe 
BRASS 
YI | CONTACT 
PIN 


PROBLEM: To produce specialized lighting for vehicular tunnels, underpasses, walkways, marquees, 
and other places where severe ambient conditions exist (i.e., temperature, fog, spray, 
exhaust fumes, etc.) but where ease of servicing is vital. 

SOLUTION: Haveg engineers working closely with The Simes Company, College Point, Long Island, 
New York, created a double contact insulation unit which permits energizing of fluores- 
cent tubes sealed in glass jackets from one end only. 

Double electrical contact was achieved by molding an outer brass tube (114” diameter) 
and a center brass contact pin (%4” diameter) integrally insulated with enduring 
Havelex. Chrome and silver plating was applied (after molding) to selected areas of 
the exposed brass to further enhance operating characteristics. 

Haveg engineers welcome the opportunity to work with you on your particular project 
—to help you “Keep ahead with Haveg.’’ Remember — Havelex offers all of these unique 
features: Dimensional Stability * 1000°F. Continuous Temperature Resistance 
© Dielectric Strength *« Mechanical Strength « Low Loss, Low Power Factor « 
Arc Resistance « No Moisture Absorption « Integrally Molded Metal Inserts ¢ 
Hermetically Sealed Inserts. 


Please address inquiries to Sales Manager, Havelex 
Kesp Ahead un JN. TAUNTON DIVISION 
wi 
HAVEG. 


HAVEG INDUSTRIES, INC. 
rn 


40 Weir Street + Taunton, Massachusetts 
es FIRST I Lapinceved’ PLASTICS 


Telephone VAndyke 4-4011 
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NEW ADVANCES IN COMPUTER DESIGN 





MOLECULAR COMPUTER 


Semiconductor Networks Solve Density Problems 


With a total volume of only 6.3 cubic 
inches and weight of only 10 ounces, 
Texas Instruments’ microminiature 
digital computer provides the identi- 
cal electrical functions of a conven- 
tional computer which is 150 times 
its size and 48 times its weight. TI’s 
computer uses 587 digital circuits, 
“Solid Circuit” semiconductor  net- 
works, each formed within a minute 
bar of silicon material. 

Application of these semiconductor 
networks, according to TI, will give 
equipment higher reliability than can 
be achieved presently from conven- 
tional components. Improvement will 
be realized because the integrated 
structure of the networks minimizes 
connections and eliminates the indi- 
vidual packaging required for con- 
ventional components. In addition, 
the network is formed by relatively 
few process steps, allowing a high de- 
gree of control, and uses only very 
high purity material for its fabrication. 

The experimental computer was de- 
veloped as a part of the Molecular 
Electronic Program under the techni- 
cal guidance of the Electronic Tech- 
nology Laboratory, Aeronautics Sys- 
tems Division. Successful use of semi- 
conductor networks in this computer 
demonstrates their capability for solv- 
ing the problems of interconnections, 
thermal dissipation, electrical inter- 
action, and maintenance of high den- 


sity packaging. 

A serial binary fixed-point machine, 
the computer has an operand word 
length of 10 bits, plus sign. It uses 
synchronous logic, timed from an in- 
ternal 100-kilocycle clock. Computer 
memory is divided into two parts, the 
operand memory and _ instruction 
memory. 

Three types of semiconductor net- 
works were used in the tiny computer, 
RS flip-flop, NOR gates, and logic 
drivers. The individually hermetic- 
sealed semiconductor networks, 0.250” 
x 0.125” x 0.030”, were assembled by 
welding 8 to 16 together in a stack 
and then encapsulating the stack to 
form a rigid module. 47 modules are 
plugged into a computer matrix, each 
module containing an average of 12 
networks and occupying approximate- 
ly 0.057 cu in. 

Computer model demonstrated the 
suitability of semiconductor networks 
for many of today’s military digital 
equipment design programs and it is 
expected they will have wide applica- 
tion in guidance, telemetry and other 
information processing equipment. 
The important features of this new 
product advance, aside from size and 
weight reduction, are the potential for 
improved reliability and reduced cost. 
More information on the networks for 
digital design work is available. 
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(Left) 


Module containing a dozen molecular semiconductor net- 


works is being plugged into Texas Instruments’ tiny computer. 
(Right) Molecular computer beside a computer containing 8500 com- 
ponents with conventional circuitry and performing identical functions. 
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SEMI-PERMANENT 
TWISTOR MEMORY 


Using the twistor principle, a new 
memory module accomplishes semi- 
permanent storage by coding a “vir- 
tual solenoid” (made up of a printed- 
circuit conductor and a sheet of cop- 
per) which encloses the twistor ele- 
ments. By pulsing through the 
printed-circuit conductor, an eddy 
current is induced in the copper 
sheet; twistor elements then “see” 
a flux density of sufficient strength 
to disturb them. But if a hole has 
previously been punched in the cop- 
per sheet at a particular bit location, 
the flux density will be insufficient to 
disturb that twistor element. Thus, 
the semi-permanent storage, at any 
given “one” or “zero” bit location is 
governed by the presence or absence 
of a hole in the copper sheet. 





Coding can be readily changed by 
sliding the plug-in “virtual solenoid” 
from its shelf and replacing it with 
another. Simply punching holes in 
the proper locations of the copper 
sheet gives the desired coding. 

Developed at Automatic Electric, 
Northlake, Ill., the unit is a 16 plane 
stack; each plane having eight words 
of 60 bits per word. Larger storage 
capacity can be had by increasing the 
number of planes in a stack or con- 
necting a series of stacks. The mini- 
mum “one” output from an 80 mil 
bit length is 15 millivolts. 

Twistor wire provides both sense 
and access means for stored informa- 
tion. For noise reduction, each twis- 
tor is paired with a plain copper wire 
to form a transmission pair. A series 
of five-turn printed-wire solenoids are 
placed at right-angles to the twistor 
pairs. An intersection region of one 
twistor with one solenoid represents 
a storage location or bit. All of the 
bits along a single solenoid make up 
one word. 
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LARGE CAPACITY 
FERRITE MEMORY 
PERFORMS AT 

1.5 MICROSECOND RATE 


Use of special subminiature ferrite 
cores, linear select, partial flux tech- 
niques and high-speed gating cir- 
cuitry have made possible the first 
large capacity ferrite core memory to 
provide a 1.5 microsecond cycle time 
according to Erwin Tomash, Manager 
of Ampex Computer Products Co., 
Culver City, Calif. The high speed 
complete read-restore or write-clear 
cycle rate allows computer manufac- 
turers to take advantage of the full 
speed of their computer logic designs. 





Fig 1 Core strips are the basic unit in 
Ampex’s high capacity-high speed mem- 
ory. Thirty-mil ferrite cores are mounted 
along the edge of a dimensionally stable 
plastic strip to provide for storage of 
two 56-bit words. Read and write drive 
line traverses all the cores associated 
with one word. Thirty-five core strips 
are assembled in a memory plane to 
provide storage for 64 words plus spare 
words. Sense-digit lines are threaded 
through each core in a memory plane 
associated with a specific digital posi- 
tion in a word. 


Storing binary information, the 
new 2048, 4096 and 8192 memory 
modules use a linear or word select 
drive system, and operate in three 
modes: read-restore, clear-write, and 
split read and write. Operations may 
be conducted on full words or on 
partial words. Larger capacity mem- 
ories may be obtained by using com- 
binations of standard memory mod- 
ules. 

Compatible with all current com- 
puter logics, the LQ memory is a 
free-standing, remote module, with a 
self-contained frame which holds the 
ferrite core stacks, the associated 
logic and the power supplies. Con- 
trols for starting, stopping, and re- 
setting the memory may be installed 
at the computer. Linear select meth- 
od permits fast switching with negli- 
gible core heating, and with excellent 
signal-to-noise ratios. Sense-digit lines 
are balanced for freedom of noise and 
fast recovery characteristics. 
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Pickups convert | _ 
mechanical 
motion into 
AC voltage 

without 


437" hides Bw 


contact 
ey 
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Hi Voltage 3045 


Solve aoa control problems 


These standard magnetic pickups gen- RELATIVE OUTPUT 
erate voltage and power without the aid T 4 - T 
of additional power sources. They actu- 
ate electronic or electrical circuitry 
without amplification in most cases. No 
extra bearings, mechanical linkages, 
etc., are required. 


A wide variety of stock models are 
available for immediate delivery, and 
unlimited variations can be engineered 
on special order. 0  guarace speeo~-~*1000 


CATALOG CMP-50O shows varied applications, 
characteristics and easy selection guide... write today! 


Evectro Propucts LABORATORIES, 4501-F Ravenswood, Chicago 40 
Canada: Atlas instrument, ltd., Toronto 


Proximity Switches * Magnetic Pickups * Tachometers * DC Power Supplies 
1242 


VOLTAGE OUTPUT 
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900,000 counts per turn ? 
OPTISYN can do it, 


in Size 23, if ee Yes, if you really want it to. 


Competitive shaft-angle transducers are claimed to 
have high counts over full range, but this is achieved 
with as high as 12-bit (4096) gear trains in front of en- 
coders having only 7-bit (128) resolution. (The gears 
do far more counting than the encoder.) 


We have OPTISYNS that produce 4000 or more 
counts per single input rotation without the use of any gear- OPTISYN high-accuracy 
ing. Now, if you want us to, we can put a small 7-bit ncremental optical 
gear train in front of this and, lo and behold, you have er 
500,000 counts (219 bits) over full scale. : it 


Frankly, we don’t like gears in front of our OPTISYN because they 
louse up its beautiful optical precision and give rise to backlash errors. But 
you’re the customer, and we can build you an OPTISYN that will give 
you just about as many counts over full range as you can stand. 


Furthermore, OPTISYN is fast (up to 100,000 counts per second), 
reliable (6 years mean-time-to-failure), and rugged (meets MIL-E-5272C). 





Variations? Special designs, including pancake shapes, are in production 
for inertial accelerometers, gyro gimbals, pedestal mounts, industrial uses, 
etc. Output electronics also available to match high-performance OPTI- 
SYN into your digital system. Want more information: 


DYNAMICS RESEARCH CORPORATION 
38 MONTVALE AVENUE STONEHAM, MASS. (617) 438-3900 
Inertial and Industrial Control System Specialists 
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INPUT-OUTPUT 
SYSTEMS 





Innovations in Tape- 
Handling Techniques 
Speed Data Processing 


Employing a new cartridge-loading 
technique, Hypertape — a system that 
gets information into and out of com- 
puters faster than any commercially- 
available magnetic tape system ac- 
cording to IBM — reads or records, in 
one second, up to 170,000 eight-bit 
alphabetic, 340,000 four-bit numeric, 
or 250,000 alphanumeric characters in 
a typical mix of 20 percent letters and 
80 percent numbers. 

Equipped with Hypertape units, the 
IBM 7074 and 7080 computers can 
read and write numbers letters at the 
above rates but the IBM 7090, with 
Hypertape, can perform all three 
functions at the 170,000 character-per- 
second rate.. At its top speed, reports 
IBM, Hypertape could enter all 137 





NEW ADVANCES IN COMPUTER DESIGN 





million U.S. Social Security numbers 
into a computer in an hour. 

Cartridge loading feature eliminates 
the need to handle the magnetic tape 
itself. Operator loads the Hypertape 
drive simply by inserting a cartridge 
containing two tape reels into a slot 
at the front of the unit. Machine then 
automatically opens the cartridge, en- 
gages the tape and begins processing. 
The complete operation requires less 
than twenty seconds. Unloading can 
take place at any point during process- 
ing, since the cartridge can be re- 
moved without rewinding. The car- 
tridge protects the tape against dust 
and damage from handling at all 
times. 

IBM’s phase encoding technique 
provides a method of detecting data 
and correcting errors in the Hyper- 
tape system. With this method, a sig- 
nal pattern is recorded continuously 
on tape, regardless of the information 
being recorded. An error is detected 
by any variation of this signal which 
would indicate a flaw in the reading 
process. Hypertape corrects most de- 
tected errors and can detect errors as 














glass transducers. 


to meet your system requirements. 


sizes to specifications. 
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DEL ELECTRONICS CORP. 
INDUCTOSYNS® 


Angular accuracies of 1 to 5 arc sec- 
onds in packaged units using metal or 


Complete engineering and production facilities 


3” — 7" — 12” Packaged Units available — Special 


For further information, Write or Phone Inductosyn Dept. 





HIGH VOLTAGE POWER SUPPLIES & TRANSFORMERS 





Suitable For 


Missile Control 

Gyro Pickoff 

Rotary Table 

Dividing Heads 

Gyro Test Stand 
Analog Computer 
Navigation Systems 
Star Tracker Readout 
Gyro Compass Readout 
Stable Platform Control 
Analog-Digital Converter 
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it transmits information. Two of ter 
channels which run the length of the 
tape are reserved for checking data 
recorded in the other eight channels. 

Single roller drive takes the place 
of a series of rollers which normally 
move the tape by pressing it on both 
sides. Running over the top of the 
roller, like a rope over a pulley, the 
tape touches the roller only on the 
bottom, or non-recording surface. As 
little as one pound of vacuum tension, 


Cartridge loading of tape reels eliminates 
the need to touch magnetic tape in IBM’s 
Hypertape system. From the time the 
cartridge—containing an 1800-foot reel 
of tape and a take-up reel—is inserted in 
the IBM 7340 drive, less than twenty 
seconds elapse before processing begins. 
Sealed cartridge is opened automatically 
only in a clean area of the drive and 
can be removed, without rewinding, at 
any time in the course of processing. 


pulling down on the tape, provides 
sufficient friction for the wheel to 
move the tape. The magnetic, or re- 
cording, surface of the tape is ex- 
posed to nothing but the unit’s read/ 
write head which is contoured to gen- 
erate a thin air film which acts as a 
bearing for the moving tape. 

Developed especially for the Hyper- 
tape system, the magnetic tape is 
wider (one inch instead of one-half 
inch) and shorter than tapes used in 
other IBM systems. Each 1800-foot 
reel of tape can hold up to twenty-five 
million characters. 
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PULSE SEQUENCE GENERATOR 


Simply spacing magnets along a delay line 
generates timed pulses for logic, control and testing. 


Design principle of Consolidated 
Avionics Corp.’s function generator is 
based on replacing the usual control 
taps of a magnetostrictive delay line 
with small permanent magnets. As a 
pulse, initiated by an input coil, trav- 
els down the delay line in the form of 
a torsional wave, it encounters the 
fields of the permanent magnets. In- 
ter-action of the torsional wave and 
the magnetic fields generates an out- 
put pulse across the ends of the mag- 





Fig 1 Spacing magnets on delay line 
gives pulse-patterns 


netostrictive wire. Time between the 
initial pulse and the induced pulses 
depends on how far along the delay 
line the pulse-forming magnets are 
placed. Time between induced pulses 
is directly proportional to the spacing 
of the magnets. Thus, a pattern can 
be set up by simply spacing magnets 
at proper intervals along the delay 
wire and by picking pulses off the 
line. 

Use of several (theoretically up to 
an infinitive number) magnets posi- 
tioned as per program requirements 
results in simple efficient function 
generation. Figure 2 shows schematic- 
ally such a configuration. Advantages 
of this technique include flexibility of 
programming and the ability to derive 
a multitude of delay pulses using a 
single output amplifier which results 
in equipment reduction. 

Employing a single timing magnet 
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Fig 2 Circuit for word generation 
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inter-connected as shown in Fig 3 pro- 
vides a convenient digital dynamic 
storage device. Major advantage of 
this approach over standard magneto- | 
strictive delay line techniques is the 
ease of delay variation by simply re- 
positioning the magnet. 








Fig 3 Circuit for dynamic storage | 


By using a single magnet and feed-| 
ing the shaped and amplified output | 
signal back on the input, the configu- 
ration of Fig 3 can serve as a stable 
steady-state source of frequency | 
pulses. By interposing a minimum of 
control logic, this configuration can 
also be pulsed on and off. With 
countdown decades, for example, a| 
highly-stable low-frequency source is 
achieved with the ability to change 
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Fig 4 Circuit for frequency multiplication | 


frequency simply by repositioning the | 
magnet. Consolidated Avionics claims | 
that better than tuning fork accuracy | 
is obtained and at lower cost. 

In the example of Fig 4, these mag- | 
nets are used in conjunction with the | 
delay line to generate a pulse rate 
equal to 4 times the fundamental rate. 
If the delays are set properly, it is| 
possible to generate a pulse rate equal | 
to any multiple of applied pulse rate. 

Applications of Con Avionics’ are 
numerous and_ include computer 
checkout, radar target simulation, dy- 
namic testing, coding and decoding | 
and dynamic data storage. 
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Roy Industries of Nashua, New 
Hampshire, manufacturers of bowl- 
ing ball return equipment have a 
blower for drying a bowler’s hands 
— with forced air instead of unsani- 
tary towels. Roy selected the Heinze 
D Blower because of its compact 


size and high velocity (3200 rpm). 


These features also make the D 
Blower ideal for a variety of cooling 
operations — such as in electronic 
equipment, vending machines, re- 
frigeration and air conditioning units, 
photographers’ dark rooms. Single 
unit delivers up to 55 cfm, double 
unit 100 cfm. Both units are powered 
by long-lasting, trouble-free 2 pole 
induction motor with hp ratings from 
1/150 to 1/100. 
Write for complete catalog. 


ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 
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PROPORTIONAL 
TEMPERATURE 
CONTROL 


Integral Heater 
and Sensor 
Stabilizes 
Temperature 
Within 

0.001 Degree C 
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Precise temperature stabilization of an oven at some level above 
the ambient requires a proportional control system with intimate 
thermal coupling between the heater winding and the sensing 
element to reduce “hunting” caused by thermal transfer delay. 
Following this principle to the limit, Paul Gheorghiu, a systems 
engineer at Transitron Electronic Corp., has designed a solid- 
state proportional control system that completely eliminates 
thermal transfer delay by combining the functions of tempera- 
ture sensing and heating in a single resistance element. These 
characteristics, together with good circuit design, practically 
eliminate temperature cycling, oven surge power and noise, to 
achieve near optimum temperature stability. 

Specifications for the system described by Mr. Gheorghiu im- 
posed rather severe restrictions on the design: Temperature of 
a 9 cubic inch oven was to be maintained at 100°C with stability 
of better than 0.001°C, under widely varying ambient condi- 
tions. Maximum power available was only 6 watts for warm-up 
and less than 2 watts thereafter. 

The total system comprising the oven and a transistorized, 
tuned audio amplifier is contained in a can 6 inches long and 
3 inches in diameter. 

To provide both the sensing and heating functions in one unit, 

Mr. Gheorghiu designed a resistance bridge with one pair of 
arms made from wire with a high temperature coefficient of 
expansion (balco, hythemco, nickel, platinum, etc.) and the 
other pair from wire with a low coefficient (advance, midohm, 
karma, evenohm, etc.). Material, size and length of the wires 
were computed so that the four arms of the bridge would have 
exactly equal resistance and the bridge would be balanced at the 
control temperature specified for the oven. The bridge was 
wound on a copper can, which has high thermal storage capacity. 
Proportional control was provided by the audio amplifier tuned 
to 2KC. 
Below the balance temperature, a positive feedback from the 
bridge causes the amplifier to oscillate, thereby delivering energy 
to the bridge. As the oven cavity temperature approaches the 
set point, both bridge and amplifier tend to come into balance, 
and at a point slightly below balance temperature, steady oscil- 
lations maintain the oven at a highly stable temperature. Per- 
formance of the systeni, measured with a special cut quartz 
crystal with,a temperature coefficient of approximately 80 
ppm/°C, was within specs. 


AUDIO AMPLIFIER DESIGN 


As the schematic shows, the transistorized amplifier has five 
transistors: two 2N337’s cascaded for voltage amplification, a 
2N656 used as driver, and a pair of 2N389’s as a push-pull out- 
put stage. Here is Mr. Gheorghiu’s account of his design pro- 
cedure. 

A sound approach in amplifier design is to start with the 
output stage and go backward to the driver and input stage. 
Following this procedure for the amplifier under consideration, 
output stability rather than power should be given primary 
consideration. According to published data, 2N389 power tran- 
sistors dissipate about 3 watts in air at room temperature. From 
this data we can calculate that in a class B configuration they 
will deliver the required power, as follows: 

Assume that 
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E.., collector supply voltage, is 28V 
I,, peak collector current at satura- 
tion, is 0.5 amp 
R,s, saturation resistance, is 5 ohms 
Ig, quiescent current, is 20 ma 
V,, collector saturation voltage 
(I, Res), is 2.5V 
Then the output power will be 


Pos == (I, oe ‘2) {1 —(V, E..)| 
— (0.5 x 28/2) {1 —(2.5/28)] = 6.4W 





Pi, = (2 Ty Eco/m) {1 + (0.6 Io/Iz) ] 
— [2 (0.5) 28/3.14] 
(1 + (0.12/0.4)] ~ 9.2W 


Power dissipated in both transistors 
will be P.,— Pu: ~ 2.8 watts. The 
conditions indicated assume a _ col- 
lector load of 
(V..—V,)/(1. — 1g) = 53 ohms 

Our calculation shows that 6W output 
can be obtained without a heat sink. 
This amount is optimistic however 
since 6.4 watts leaves only 0.4 watts 
for the output transformer and stabi- 
lization losses. 

If a resistance of about 2 to 5 ohms 
is inserted in the emitter of each 
power transistor for stabilization, ap- 
proximately 0.3 watts would be lost. 
In actual practice,, however, a good 
heat sink provided by a ¥” alumi- 
num plate will take the burden of heat 
dissipation. Mr. Gheorghiu has 
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found from experience that no other 
power transistor can surpass the 
2N389 for the output stage because 
the efficiency of the stage is a func- 
tion of saturation resistance. For ex- 
ample, he says, suppose we use the 
type 2N424 which is less expensive. 
The saturation resistance of this unit 
is in the range of 10 ohms which, of 
course, will give us an output power of: 
Pout = (0.5 x 28/2) 
[1 — (5/28)| = 5.75W 


P,, will be the same as for the 
2N389, or approximately 9.20 W. The 
power dissipated in both transistors 
will be higher, about 3.45 watts . 

In designing the driving stage, the 
first question is: what is the mini- 
mum power required to drive the 
2N389’s. From the collector current- 
base voltage curve for the desired op- 
eration point, we find that the peak 
base current should be 25 ma with a 
base voltage coming from the cas- 
caded stages in the range of 2.8V. The 
power will be 0.35 watts, which is 
below the allowable dissipation in free 
air (0.55 watts). Part of the heat can 
be dissipated, however, by thermally 
coupling a heat sink to the transistor. 

Design of the input stage presents 
no real problem because the two 
small signal transistors, the 2N337’s, 
cannot be surpassed in gain for the 
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price, and are considered optimum 
for this kind of application. 

If we now consider the overall am- 
plifier, bearing in mind that the first 
objective is stability and not power, 
we find that an improvement can be 
made in the output stage: replacing 
the common biasing resistor by a for- 
ward biased diode will keep the col- 
lector current more constant over the 
temperature range. Stability of the 
set point is obtained by the emitter 
to emitter de feedback loop. Of course 
the stability may be affected slightly 
by the bias voltage divider from the 
first stage being returned to the col- 
lector of the driver stage, but only to 
the extent that there is resistance in 
the primary of the transformer. For 
stability in this respect an ac gain 
feedback loop is used. The feedback 
resistance can be calculated using the 
formula 

Cour/Cin ~~ 150K/R, 
when 

R, << (8.2 K —h,.)/(8.2 K —h,.) 
where h,, is the input impedance of 
the first 2N337. For more stable con- 
trol, the entire heater and cavity can 
be accommodated in a Dewer flask, 
which will provide better insulation 
against heat losses by radiation and 
cut down the power required for 
maintenance. nestles 
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PRINTED CIRCUITS 
FOR BREADBOARDS 


Simple Non-photographic Technique 
Produces Easily Modified Negatives 


Printed circuit boards in new product 
developments are generally changed 
quite a few times before the proto- 
type unit is complete. Diehl has 
found that a rather simple “spray 
method” for making printed circuit 
“negatives” can save time and money. 
These “negatives” are made by taping 
the desired circuit lines on a piece of 
clear plastic sheet, spraying the sheet 
with black paint, and then removing 
the original tape. This technique re- 
sults in a printed circuit negative that 
can be altered by simply scraping the 
paint clear for a new circuit line or 
repainting to delete an old circuit 
line. 


Printed Circuits 


In most applications printed cir- 
cuits are faster and less expensive 
than conventional wiring. They gen- 
erally offer the designer an opportu- 
nity to reduce human error, and in- 
crease reliability, ruggedness, and 
neatness. Among the various methods 
used to make a printed circuit, one of 
the most common is the etched cir- 
cuit process. Basically, it consists of 
applying an acid resistant coating to 
a copper clad laminate. The acid re- 
sistant pattern can be applied to the 
printed circyit board directly through 
a silk screen or by covering the board 
with a light sensitive material (“re- 
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Partial completion of taped plastic over- 


lay 


sist”) and then exposing it to light 
through a film negative. The printed 
circuit board is then immersed in an 
acid etching solution which etches 
away the unwanted copper, leaving 
the desired circuit pattern. Either 
method for applying the pattern is 
not too practical for development 
work because of the length of time 
it takes to have drawings made and 
a film negative produced or to obtain 
a proper silk screen. The most com- 
mon method now used to make a 
printed circuit for breadboard work 
is to apply printed circuit tapes and 
terminal circles directly to the copper 
of the board. The board is then put 
in an etching solution which cleans 
off all the copper except that covered 
by the tape. Drawbacks to using tape 
directly on the board are that the 
board can not be reproduced quickly 
and that the circuit lines must be to 
scale. The “spray method” eliminates 
the normal reproduction problem by 
producing a working negative directly 
but does not avoid the drawback of 
working to scale. 


Breadboards 
Mest breadboards of electronic or 
electronic/mechanical units are 


changed time and time again until 
the units work satisfactorily. These 
changes are generally due to repo- 


showing sketch of circuit board. 


sitioning of components in an _ at- 
tempt to reduce the package size or 
to improve the circuit. The “spray 
method” of making film negative was 
developed to facilitate making design 
changes on the printed circuit quickly 
and inexpensively. Of course, the 
time required to make a film nega- 
tive of this type depends on the size 
and complexity of the board required, 
but the negative can be readily re- 
paired to incorporate latest changes 
in a matter of a few minutes. 


Step 1 — Making the Printed Circuit 
Film Negative 

a. Draw a full scale layout of com- 
ponent placement and circuit connec- 
tions, as would be required on the 
finished board. This drawing need 
not be of first quality; component 
placement and circuitry is the only 
consideration. Draftsmen will make 
the layout neat. Be sure the resistor- 
lead holes are not too close to the 
body of the resistors because bending 
the leads too tight can cause rupture 
between the lead and component in- 
ternally. Also, lead length and bend 
of all leads on components of similiar 
size should be the same. Uniformity 
in lead bending greatly simplifies use 
of cutting and bending machines in 
production. 

This drawing should be made large 
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nough to provide room for any com- 
ponent additions or changes but as 
small as possible for compactness. 

b. Place clear mylar or similar ma- 
terial over drawing. Reproduce draw- 
ing on mylar by the use of printed 
circuit tapes (supplied by W. H. 
Brady Company, 727 Glendale Ave., 
Milwaukee 9, Wis.) and terminal cir- 
cles. Mylar should be approximately 
0.010 inch thick. Use a hand roller 
for good tape-mylar contact. 


c. Spray the taped side of the 
mylar with krylon #1316 flat black 
paint (supplied by Krylon Inc., Nor- 
ristown, Pa.). Three or four light 
coats are better than one heavy coat. 
Let coats dry approximately two (2) 
minutes between coats and thirty (30) 
minutes for the final coat. 

While paint is drying, do Step #2. 


Step 2— Photo Resisting Copper 
Clad Boards 


a. Be sure board is clean and free 
of oxidation. A simple method of 
cleaning is to use a common household 
soap pad. Do not touch the copper 
with your fingers after cleaning. 

b. In a darkened room, flow photo 
resist (supplied by Eastman Kodak 
Co., Rochester, N. Y.) to cover the 
copper completely and let drain in 
a vertical position. A small portable 
blower-heater with a temperature 
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Tape being applied to the clear plastic overlay. 


“tix Dichl Manufacturing Company, Somerville, N. J. 
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range of 100° to 150°F will set the 
resist in a few minutes. 
While resist is setting, do Step #3. 


Step 3— Removing Tape from Mylar 
a. Carefully remove tape and cir- 
cles from the mylar. Check to see 
that all circuits are clear and clean 
and free of any foreign matter. The 
film negative is now ready for print- 
ing. 
Step 4—Printing and Developing 
the Photo Resisted Board 

a. Place the negative on the cop- 
per side of the photo resisted board 
and place in a photo printing frame 
and expose the negative to a photo 
flood #2 lamp held 12 inches from 
frame for seven minutes. 

b. Place board in photo resist de- 
veloper for approximately 2-214 min- 
utes. 

c. Wash board thoroughly until all 
developer is completely removed. 


Step 5— Etching of Boards 

a. Place board in vertical position 
in container with enough etching so- 
lution, (RCE Solution supplied by 
Philip A. Hunt Co., Palisades Park, 
N.J.) to cover the board. Etching 
solution should have a hydrometer 
reading of specific gravity (S.G.) of 
1.40 to 1.41. If etching solution has 





Completed negative after removal of tape and circles. 


an S.G. over 1.41, addition of a small 
amount of water will bring the solu- 
tion to the correct value. The weaker 
the solution, the longer the etching 
time. 

b. Addition of an air flow in the 
etching solution will agitate the solu- 
tion and reduce etching time consid- 
erably. A 2-oz copper clad board 
should etch completely in approxi- 
mately 20 minutes. 

c. Wash board by placing it in 
water within one or two seconds after 
removing it from etching solution to 
prevent the ferril chloride from hydro- 
lyzing to ferric hydroxide. This ferric 
hydroxide will have an effect on the 
dielectric strength of the boards over 
a period of time. Protect hands and 
clothing from etching solution. 

The printed circuit board is now ready 
for drilling and cutting. 


Changes 


Minor changes can be easily made on 
the film negative. Terminal circles 
can be made by using a circle tem- 
plate and scribing out the paint with 
a dull scriber. Connecting circuit 
lines are scribed thru the paint the 
same way. Existing circles and cir- 
cuits can be blanked out with tape or 
sprayed out with the krylon spray 
paint. Sse 
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TECHNIQUES 


RECOMMENDED MOUNTING PROCEDURES 
FOR POWER SEMICONDUCTORS 


Dissipation rating of a power semiconductor is determined 
by the basic internal design and by the rate at which heat 
can be extracted from the case. The heat flow, in turn, is 
governed by the mounting characteristics — thermal drop 
to a heat sink, air flow, ambient temperatures and other 
factors. 

To obtain the maximum rating from a power semicon- 
ductor with a given mechanical configuration, careful con- 
sideration should be given to mounting the device to its 
heat sink. Here are some procedures, covering typical con- 
ditions, that have been recommended by the Semicon- 
ductor Dept. of Westinghouse Electric Corp., Youngwood, 
Pa. For unusual mounting problems, Westinghouse recom- 
mends a complete thermal evaluation study. 

Regardless of the type of heat sink employed, the objec- 
tive is to secure the best possible thermal contact between 
the stud and heat sink. In order to avoid hot spots and 
high thermal drop, a large surface area should be pro- 
vided. Mounting holes should be no larger than 1/64” 
diameter over the stud size. Holes should be drilled or 
punched clean with no burr or ridge and chamfering 
should be done to a maximum radius of 0.010”. Careless 
deburring can seriously increase the thermal drop and 
cause the semiconductor to overheat. 

Surface on which the unit is mounted should be flat to 
0.001 TIR over the area contacted by the shoulder of the 
semiconductor base. Surface finish should be approximate- 
ly 30-60 microinches (the same finish supplied on West- 
inghouse semiconductor bases.) A rougher surface may 
increase thermal drop —— a finer one offers no advantages. 
Generally speaking, mill finish or machined surfaces on 
copper or aluminum plate will be satisfactory if flat and 
free from deep scratches. Castings or rough extrusions 
should be counterbored to insure flatness and finish. Bur- 
nishing may also be used. 

When mounting a power semiconductor to its heat sink, 
a joint compound should be used to assist in making a 
good contact and to protect the joint from corrosion. The 
material should be capable of performing satisfactorily 
over the required operating temperature range. Various 
proprietary compounds, such as Alcoa Joint Compound #3, 
are recommended for aluminum heat sinks. These com- 
pounds must be abraded into the heat sink surface with a 
wire brush in order to remove the oxide layer. Silicone 
grease will serve the same function when smeared on cop- 
per or nickel plated heat sinks. It is especially valuable 
when used with small studs which do not permit high unit 
bearing forces. 

The nuts used on semiconductors should be carefully 
torqued down. Insufficient torque can lead to overheating 
whereas excessive torque can strip threads, elongate studs 
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and actually damage the semiconductor junction. It is im- 
portant to remember that the studs are made from rela- 
tively soft copper in order to obtain high thermal con- 
ductivity. They cannot absorb the beating of comparable 
sized steel bolts. Torque wrenches should always be used 
when mounting power semiconductors and the specifica- 
tion limits for both minimum and maximum torque care- 
fully observed. On many units, different torques are speci- 
fied for lubricated and non-lubricated threads since a 
given nut torque can result in a 2:1 difference in stud 
tension in the two cases. Here again, reasonable care 
should be used. 

Recommended contact forces should be maintained 
throughout operating temperature ranges and stress re- 
laxation of components with time. Belleville washers pro- 
vide the required spring loading and constitute the best 
way of obtaining constant pressure. An integral Belleville 
washer and nut combination is made especially for semi- 
conductors by Shakeproof Division of Illinois Tool Works. 
The unit is highly recommended. 

Every effort should be made to avoid the use of insulat- 
ing washers with high power semiconductors. Under the 
best conditions with very thin washers, the semiconductor 
rating will still be reduced drastically from its direct- 
mounted rating. Additionally, in high power units, fault 
currents resulting from insulation failure may lead to con- 
siderable equipment damage. The use of insulated mount- 
ings requires careful evaluation of semiconductor tempera- 
ture rise in each application. 
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An unusual combination of advantages found only 
in mercury-wetted relays has led many design engi- 
neers to specify them for tough switching jobs. Here 
are but 3 typical characteristics of our JM series: 


RELIABILITY. Sealed-in-glass mercury contacts are 
renewed with every operation. Won’t pit or weld. 
Make or break is positive . . . every time. No bounce, 
no chatter. Signals ranging from a few micro amps 
to 5 amps are switched with singular consistency. 


LONG LIFE. Think in terms of billions of operations 
when considering JM series relays. Proper applica- 
tion, of course, is a requisite. 


SPEED. Operate time is just less than 3 milliseconds 
using 2 watts of power. Release time is about 3.2 
milliseconds. Thus, relays can be driven 100 times 
per second. 

If your project calls for exceptional relay perform- 
ance, perhaps the answer lies in our JM Mercury- 
Wetted contact relay. 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY ° 
IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA EIMITED, GUELPH, ONTARIQ 
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JM SERIES ENGINEERING DATA 


Contact Rating: 
5 amperes maximum 
500 volt maximum 
250 volt-amp max. with required contact protection. 









Contact Configuration: 
Each capsule SPDT. Combination of capsules in one 
enclosure can form DPDT, 3PDT, 4PDT. (All 
Form D.) 


Terminals: 
Plug-in or hook solder; 8, 11, 14, or 20-pin headers. 











Coil Resistance: 
2 to 58,000 ohms. 








More information? 
Write today for free catalogue. / A 










P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


PRINCETON, INDIANA 








COMMON SENSE 

ABOUT SPECIFYING 
IMPEDANCE TOLERANCES 
FOR SERVO MOTORS 


Servo system designers often write rigid impedance 
specifications where they are not required, resulting 
in higher manufacturing costs and 

higher costs to the user. This article will 


assist such engineers to be more practical in specifying 


servo-motors and servo-motor generators. 


C. G. Buck, Cedar Engineering Div. Control Data Corp. 


Servo motor manufacturers today must 
meet the specification tolerances set 
by the systems dseigners who use their 
motors. Where do they get these tol- 
erances? Why do they specify what 
they do? Very likely these men make 
up their specifications from the data 
sheets put out by the leaders in the 
motor industry and occasionally toss 
in some more of their own. What 
effect do these tolerances have on per- 
formances? What effect do these tol- 
erances have on cost? Experience has 
shown that tight tolerances usually 
mean higher costs for both the manu- 
facturer and the user. 

This article discusses some of the 
problems faced by the servo designer 
in specifying motor tolerances to in- 
sure performance that will meet his 
need at a price he can afford. 

Two phase servo motors are used 
almost universally in control of in- 
strument servomechanisms. Require- 
ments of such servo motors are best 
stated in terms of the two-phase per- 
formance specification. In actual ap- 
plication, however, a two-phase power 
supply is rarely available. The servo 
designer must then obtain two-phase 
voltages by shifting the phase rela- 
tion of a single-phase voltage by 
means of capacitors. 

The two most common methods of 
shifting the fixed-phase voltage of a 
two-phase servo motor are the “one” 
and “two” capacitor methods as shown 
in Figs 1 and 2. The single capacitor 
method is the simplest and most com- 
monly used, but it lacks the latitude 
of adjustment provided by the two- 
capacitor method. With a particular 


40 


motor using a single capacitor, only 
the uf value of the capacitor may be 
varied. Thus, the voltage across the 
motor winding may be adjusted to the 
desired value, or the phase angle be- 
tween the voltages at the two wind- 
ings may be adjusted to 90°. It is 
not possible with this method to adjust 
both voltage and phase shift inde- 
pendently. 

However, it is possible to design a 
motor and phase shifting capacitor 
combination that will provide exactly 
a 90° phase shift and proper power 
input to the motor. But, generally, 
the resulting winding required on the 
motor will not be a standard rating 
available as a catalog item. 

The two-capacitor method allows 
adjustment of both phase angle and 
fixed phase voltage since two adjust- 
ments are available in the value of 
two capacitors. This method may be 
particularly useful to the servo de- 
signer in early stages of his design 
where the specific characteristics of 
the servo motor may not yet be frozen. 
It may, however, be ruled out in pro- 
totype or production models because 
of the additional cost and space re- 
quirement of two capacitors. 

We should mention in passing that 
another method of obtaining phase 
shift is the use of a series inductor. 
This method is usually ruled out be- 
cause of its inefficiency and its bulki- 
ness. 

To provide the system designer 
with the tools to make his own cal- 
culations, we will derive the expres- 
sions for the proper capacitor values 
to give us three results: 


® a single capacitor designed to apply 
rated voltage to the motor winding 
but accepting the resultant phase shift 
which, in general, will not be 90° 
(the value to give a 90° shift will also 
be derived ) 

® a two-capacitor connection to ob- 
tain rated voltage and 90° phase shift 
with a standard motor, and 

® a single capacitor with a motor spe- 
cially designed to obtain rated power 
input and 90° phase shift. 














SINGLE-CAPACITOR WITH STANDARD MOTOR 


For the single capacitor method, the 
size of the capacitor is determined as 
follows. (We will confine our interest 
to the fixed-phase only in which the 
following equivalent circuit exists. ) 
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where: 
E is the supply voltage 
V.» is the voltage to the motor 
fixed phase 
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Fig 1 Results of tolerance variations using the two-capacitor method. Curves show stall 
torque and watts input in percent of nominal values variations in X.,, X.,, R, and X,. 
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Fig 2 Results of tolerance variations using the single-capacitor method and a special mo- 
tor. Curves show stall torque and watts input in percent of nominal values for variations in 
X,, R, and X,. 
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X. is the phase shifting capacitor 
reactance 
R_ is the motor fixed phase equiva- 
lent series resistance 
X, is the motor fixed phase equi- 
valent series reactance 
I, is the total fixed phase current 
The following circuit equations can 
now be written. 


k= 1(R+ 9X1 —JjX.) (1) 
Va = 1(R+5X1) (2) 


Dividing equation (2) by (1) gives 

the ratio of V,, to E or: 

5 R+ 9X1 ; 
“R+ (9X1 — X.) 





f (3) 
By inspection of equation (3) we see 
that the magnitude of V,, with respect 
to E is determined by the absolute 
value of the ratio: 











R + jX1 (4) 
R + 7(Xi — X.) 
in absolute terms 
VRE + Xi (5) 
ee ee ee » 
VR? + j(Xi — X.)? 


and the phase shift between the two 
voltages is determined by: 
Xz 


ae ee i 
AreTan=~ + Are lan — > —=9 (6) 


Since it is our intention to have 
rated power into the fixed phase (i.e. 
rated voltage), V.., must equal E. In 
order for this equality to occur, the 
ratio of (5) must equal 1 or: 


or: 


R? + X? = R?4+ X}? —2N1X.+ NX? 


(3) 
Solving for X, we find: 
X,=0 
Ae = 2kz (9) 


This gives us two values of X, that 
will give applied voltage V,, equal to 
E 





Obviously, if X. == 0 (were shorted 
out of the circuit) E would equal V.,; 
however, we would not have any 
phase shift. But, if X,—2X,, the 
phase shift @ of E to V..» would be 
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from (6): 


"4 < JA 
Are Tan = + Are Tan "7 =6@ (10) 


a 

) A ‘ idee, ‘Gis 

2 Arc lan = 0 (11) 

which is equal to twice the power 

factor angle. Therefore in order to 

have rated voltage on the fixed phase, 

the value of X. will be equal to 2X,. 
If a 90° phase shift were the ob- 

jective, equation (6) would equal 90° 

or: 





meet ae eo . 
Are Tan R + Are Tan R = 90 
(12) 
Solving for X. we find: 
i 2? 
XX, => (13) 
X XY. (13 


This is the value of X, that will pro- 
duce a 90° phase shift. Further exam- 
ination will reveal that under this con- 
dition the ratio of equation (4) is: 


X, 
~—— (14) 
R 
which is equal to the Q of the induc- 

tive circuit. Therefore: 


Ve = QE (15) 


It should be noted that if Q is 
greater or less than 1, the voltage ap- 
plied [V..] will be greater or less than 
rated [if E is rated]. 

The torque of a two-phase servo 
motor is directly proportional to the 
product of the currents in the wind- 
ings and the sine of the angle be- 
tween the currents. It should be 
noted that the sine of the angles near 
90° is still nearly 1, so, it is better to 
suffer from a non-90° shift than to 
over apply voltage and cause heating 
or under apply and suffer a greater 
loss of torque than would be ex- 
perienced if the phase shift were not 
perfect. 


TWO-CAPACITOR METHOD 


The following circuit exists: 














The Thevinin equivalent for this is: 


‘ 
- j%e 





4 4 
Tf 


(m 
Ww 


+ x 








where: E’ = EXe/ (Xe: + Xee) 


= open circuit voltage. 


—jX.’ — Xer Xe/ (Xe +. X.2) 


= short circuit impedance. 


If we now apply our single capaci- 
tor formulas (13) and (15), we find: 


= 4 z. x L Xe 
Va! = p—* 4 (16 
; R . R Xa+Xe — 








and for 90° shift from equation (13) 


2 oo ee 
ete Sa Oe 





(17) 


To satisfy the conditions E = V,, for 
90° phase shift, we find: 


- oe 
Xa => 8) 
Xa =p ( 
2? 
aw = 19) 
: X,—-R 


SINGLE CAPACITOR WITH SPECIAL MOTOR 


The third case we might be interested 
in is one where a specially designed 
motor can be secured such that with 
one-capacitor we would have both the 
the rated power into the motor (rated 
voltage) and a 90° shift. 














Since this motor would be a special 
design, no attempt would be made to 
make its voltage rating equal to some 
standard. It would be expected that 
the X,/R ratio would be the same as 
other motors of its size. Thus, for the 
above circuit: 


PR = W (20) 
where W is the rated power 
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"SV — FIXED PHASE DESIGNED FOR II5 V. PHASE 

1250 = CAPACITOR CHOSEN FOR RATED VOLTAGE 
400~ J1750 ON A FIXED PHASE 
140% 140% 
120 % 120% 
100% 100% 
80% 80% 
60% 60% 
40% 40% 
20% 20% 





—-20 -I0 NOM+#I0 +20 -20 -10 NOM+#Ii0 +20 -20 -IO0 NOM+i0 +20 
VARIATION OF X_ VARIATION OF R VARIATION OF X, 
Fig 3 Results of tolerance variations using the single-capacitor method and a standard motor. 


Curves show stall torque and total watts input to motor in percent of nominal values for variations in 
X., R, and X,. 

















From equation (13) taining both rated voltage-and a 90° 
Qh? shift: 
7? 2 - 2 x = - = ¢ I 27 
x22 BEM gy L-  Ceee ae : 
X L X 4 Y 2? - R (18) 
Xa ==> = — 8 
. - and ae 1 Qf Z? 
From equation (15) V ., == QE then 
s a ian We ie. cm a X,—f 19)s 
1,=% (22) ai esl a 


Z 
© For a motor specially designed to 


To summarize, we see that the ca- give both rated voltage an da 90° 


Combining equations (20) and (22) pacitor values are: 











we get ® for the single capacitor method and shift with one capacitor: 
QE a standard motor with: equivalent R of motor 
R= W = + (23) (1) rated voltage to appear on the 
X, fixed phase and accepting the R QE? (26)s 
FS phase shift as is: ~ 71+ QW a 
, . . l quivalent X, of motor 
2 '? _ 2X ( = (¢ )s equly a L 
Yee (24) . Qnf(2X 1) 
W X, = RQ (27)s 
The phase will be twice the 
then power factor angle. capacitor reactance 
ie : (2) 90° phase shift accepting the 
P+X;,_ QE . voltage as is: . OF W 
MC iS asa (25) Y PQ 
X W X= —- C=-— (28)s 
L ‘ i OniQE® 
a ere L 
from which aes X, : 2nfZ? — Now we have derived above the 
nominal values of capacity that would 
ine Qh? (26) The applied voltage will equal QE. __ be used with a motor that exhibited a 
(1+ Q)W © For the two-capacitor method ob- nominal impedance characteristics. 
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BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90% 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 
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The truth of the matter is that the 
matter is that the servo system de- 
signer must accept tolerances on the 
size of the capacitor and on the im- 
pedances of the motor so that in a 


practical assembly he will find motors | 


and capacitors that are not exactly 
like those he calculated above. It is 
desirable for him to permit as large 
a tolerance on all the parameters in 
his system as he can accept without 


unduly affecting the performance of | 


the overall system. Tighter tolerances 
always result in higher costs whether 
they are applied to motors or capaci- 
tors since they entail high scrap rates 
and close production control. 


We wish to examine the effect of | 


tolerance variations in the capacity 


and the motor impedance on the char- | 


acteristics of the motor. 
istics which will be affected are stall 
torque, and heating of the unit. Stall 


Character- | 


torque will vary as if multipled by the | 


sine of the angle between I, and the 
control phase current. Heating effect 
will vary as I’R varies. The total heat- 
ing effect will be determined by the 
power input to the fixed phase plus 
that into any other winding unit. For 
example, in a common assembly the 


motor is assembled with a tachometer | 


generator which entails heating in the 
input winding. We are confining our 
attention to the heating effect of the 
motor. 


EXAMPLE ANALYSIS 


As an example of the effect of toler- | 


ance variations, we have analyzed the | 


mark 14 size servo motor. This is per- 
haps the best standardized of the 


servo components and is very fre- | 


quently encountered in its basic form 
or in some variations. The nominal 
characteristics of this motor make it 
appear to be a resistance of 1250 
ohms in series with an inductive re- 
actance of 1750 ohms. With 115 volts 
applied at 400 cycles and 90° phase 
shift between the voltages applied to 
both windings, the stall torque is ap- 
proximately 0.6 oz in and each wind- 
ing draws a power input of approxi- 
mately 3.5 watts. We have examined 
the variation in stall torque and power 
input to the fixed phase on this motor 
using both a two-capacitor method 
and a single capacitor method as the 
parameters are varied over a range of 
+20%. In the single capacitor meth- 
od, we have inquired into the situa- 


tion with a standard winding and the | 


capacitor adjusted to admit rated pow- 
er input into the winding and also 


How to Convert 
Xo} ol ava (=Ya fale 
Power to Linear 
aeyitola malta 


Recirculating 
balls 
eliminate 
friction 


Beaver Ball Screws offer better 
than 90% efficiency and com- 
pactness that can be matched by 
no other converting media. Not 
always — but generally — ball 
screws are preferred to hydrau- 
lics and pneumatics where sys- 
tem stiffness, freedom from back- 
lash and surge are essential for 
extreme accurate control of posi- 
tioning. Reliability, long life and 
control of movement under load 
fluctuations are other dominant 
ball screw characteristics. 


Our engineers will be glad to 
review your application with 
you. 


i 
Yeaver 
Drecision 
| Mite ) eye [Von a 
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a CLAWSON, MICH. 
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* 4 prey | 
|. a oe L-= Xc =o 
Ww 
4 WHERE :R = AC EQUIVALENT SERIES 
———. RESISTANCE IN OHMS. 
5 X_= EQUIVALENT WINDING REACTANCE 
— IN OHMS. 
Xc= REACTANCE REQUIRED FOR UNITY 
_- ‘ POWER FACTOR IN OHMS. 
C= CAPACITY PROVIDING X- AT 
400 CYCLES, IN ufds. 
(TO OBTAIN THE CAPACITY AT 60~, MULTIPLY 
Caoo BY 6.67) 
Fig 4 Capacity required to time a motor winding to unity power factor. 
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In February 


A comparison of commercial time delay relays, 
emphasizing the most common mechanisms 

for achieving delay periods. Pneumatic, 
hydraulic, thermal and electronic 

methods will be examined as well as 


the factors controlling their accuracy. 


ELECTROMECHANICAL 
somponents & systems DESIGN 














the situation of a special motor wind- 
ing designed to draw standard power 
input with a 90° phase shift. 

Results of our analysis are plotted 
in Figs 1, 2, and 3. Curves A through 
D show the results of variation using 
the two-capacitor method and reveal 
the series capacitor has approximately 
twice as much effect on the torque as 
either the resistance or the reactance 
of the motor. The shunt capacitor 
variation has very little effect on out- 
put torque for a reasonable tolerance, 
Therefore, in the circuit, it would be 
logical for the designer to hold closer 
tolerances on the series capacitor than 
on the resistance and reactance com- 
ponents of the motor and also to ac- 
cept commercial tolerances on the 
shunt capacitor. 

Results with a single capacitor con- 
nection are illustrated by Curves E 
through J in Figs 2 and 3. We see 
that the capacitor is roughly twice as 
important in determining stall torque 
as the motor reactance and the motor 
resistance has relatively little effect. 
Thus, we see that the designer may 
take advantage of the reduced cost of 
a libera] tolerance on motor resistance, 
but he: will probably be forced to 
specify relatively tight tolerance on 
the capacitor. 

We notice in the single capacitor 
connection that the standard motor 
with a capacitor selected to give rated 
power input yields a stall torque very 
nearly equal to that obtained from a 
special motor which has been designed 
to obtain rated power input and 90° 
phase shift from a single capacitor. 
In this case, the phase shift will be 
approximately 110° rather than 90°, 
but the effect on torque is very often 
acceptable. The small reduction in 
torque, of course, occurs because the 
sine of an angle varies slowly in the 
neighborhood of 90°. If this reduc- 
tion in torque is acceptable in a par- 
ticular application, there would seem 
to be little value in adding a second 
capacitor. 

Conclusions reached above are 
based on one very common motor de- 
sign. They cannot be extended with- 
out review to all servo motors. Other 
sizes and designs of motors will have 
different Q’s. We will find that with 
different Q, the effect of tolerances 
will be altered. However, the same 
technique of analysis can be profitably 
employed by the system designer or 
the motor designer to determine the 
most econcmical tolerances that may 
be applied to the parameters in a 
given case without sacrificing re- 
quired performance. eee 
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Highly Experienced © 


PRODUCIBILITY ENGINEERS 


to be responsible for the manufacturing feasibility of the 
satellite-re-entry vehicle design concept. They will act as con- 
sultants on manufacturing techniques to design engineering 
groups, carry on liaison between design and manufacturing 
engineers in the resolution of problems in the production 
phase. Their work encompasses LONG-RANGE PLANNING for 
new programs, schedule optimization and assurance that new 
advances in the state of the art are brought to bear on MSVD 
re-entry vehicles. 


Qualifications: BS and 5-10 years combined design & manufac- 
* turing experience in aircraft structures or defense electronics. ee 


FREER REREES SE 


> simply circle the appropriate let- 
ters of those positions that meet your 
professional interests and qualifica- 
tions, fill in the questions listed below 
—attach a resume if you have one 
handy — and airmail to: 


Mr. Frank Wendt 

Missile & Space Vehicle Department 
General Electric Company 

3198 Chestnut Street 

Philadelphia 4, Pennsylvania 


IMMEDIATE OPENINGS 
AT THE MISSILE & SPACE 
VEHICLE DEPARTMENT 


Seeesessey 5 


| am interested in the following position(s) 


Ee ee : 
Instrumentation & Communication ; 
ES SEE ee , 
Advanced Systems 

Analog & Digital Techniques. . 

Producibility Engineering 


PROFESSIONAL EXPERIENCE 


(Two most recent or most applicable jobs) 


for all System Level Experimentation 
in Electronics for all MSVD programs 


System problems include: stabi- 
lization and attitude control of 
satellites and re-entry vehicles; 
space/ground communications ; 
orbit navigation and control; 
mid-course and terminal space- 
craft navigation and guidance. 


Company 
Position 





Years of experience (from) 
(to) 
5) Assigned Duties 





Salary 





An advanced degree is essential for this 
outstanding opportunity for high level, 
original work; also a substantial back- 
ground in systems design. Experience in 
radar & communications helpful. rr) 


ANTENNA & PROPAGATION 
ENGINEERS: To carry on theo- 


retical & experimental studies 
of advanced nature for all radio 
frequency bands. EE’s. (Ad- 
vanced degree preferred.) Mini- 
mum of 6 years experience. ie 

















Company 





Position 





Logic Circuit Design 
Provide high level technical evaluation 
of digital techniques as applied to auto- 
matic programming systems for check- 
out equipment and airborne instrumen- 
tation. Requires EE with broad digital 
background from systems philosophy to 
final design. 8 


Digital Components & Circuits 
Design and evaluate A/D and D/A con- 
verters, multiplexers, parity check gene- 
rators, digital storage devices, binary 
counters, etc., for both airborne and 
ground digital equipment. EE with 2-5 
years experience. 


Years of experience (from) 
(to) 
Assigned Duties 





Salary__ 





Diversified Assignments Diversified 
in Systems Engineering 


SYSTEMS DESIGN 
Navigation & Control 








Assignments 





Challenging opportunity for engi- 
neer capable of assuming responsi- 
bility for integration, coordination 
and project engineering of special 
navigation and control systems 
These include satellite attitude con- 
trol, orbit control, space power 
Work requires a broad background 
in controls; 5 or more years engi- 
neering experience; EE or ME. 





for Design 





Engineers 


a 
Home Address___ 
> 
Telephone____ 
U.S. Citizen 
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ADVANGED STSTEMS EWbeEM dh 


SYSTEMS ANALYSIS 
Varied Space Systems ® 


Conduct preliminary studies to op- 
timize space systems through sub- 
system trade-offs, in order to 
provide a balanced systems synthe- 
sis effort. Define performance 
requirements and specific interface 


ee Ses todas dwaes 


Yes [) 


Education 


relationships between sub-systems. 
Degree plus 4 or more years experi- 
encé in systems analysis required 


RADAR SYSTEMS 
Re-Entry Guidance & ii) 
Space Navigation 


Apply radar systems principles to 
problems of re-entry-guidance and 
space navigation; define parameters 
of the technical concept and main- 
tain project control over full engi- 
neering effort. Requires strong 
background in radar systems with EE. 


OO OO ll 





ECM SUB-SYSTEMS for 
Advanced Reconnaissance 
Vehicles. Contribute substan- 
tially to synthesis & analysis 
of these systems, utilizing 
familiarity with RF interfer- 
ence jammers, scanning 
receivers, modulation tech- 
niques, electronic decoys, etc. 


® 


DATA HANDLING for 
Reconnaissance Command 
& Control Systems. Provide 
technical leadership in syn- 
thesis and analysis of systems, 
utilizing familiarity with 
digital data processing logic 
elements, computer program- 
ming, storage devices, displays 
target recognition, etc. @ 


Essentials for these positions: Physics or Electronics 


Degree plus a minimum of 5 years relatea experience 


GENERAL @@ ELECTRIC 


Undergraduate 


College 





~ Year of Graduation 


Graduate 


Degree 





Coll ege 





Degree Year of Graduation 


Position Objective (primary job preference, level 
of responsibility, salary expectations) 























TECHNIC’S 


NEUTRAL 
OLD 


for electroplating 





NO brighteners 
NO free cyanide 
NO harsh acids or alkalis 


OROTEMP 


24 





Produces an ultra pure 24 
Kt satin bright deposit 
that is stress free; is ex- 
tremely ductile and tight 
grained with exceptional 
heat and corrosion resist- 
ance. 


Will not affect copper laminates 
or photo resists. 


Excellent resist for chromic acid 
and ferric chloride etchants. 


Exceptional resistance to sulfides 
and salt spray. 


Excellent solderability, even 
after prolonged storage. 


Fuses perfectly with gold silicon 
eutectic alloy without discolora- 
tion. 


May be plated directly on stain- 
less steel, monel, kovar and other 
alloys. 


Due to its extreme purity will not 
discolor when heated. 


Meets all Mil. specifications for 
Class 1 24 Kt plates. 


Technic — 


imc 


PO.Box 965 
Providence, 1 R. |. 






STuart 1*6100 


Plant: Cranston, R. I. 


Chicago Office: 7001 No. Clark St. 
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by David Bandel Staff Columnist 
Associate Technical Director, TRACERLAB, INC. 
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Generator element of Minneapolis-Honeywell’s thermoelectric unit, developed 
for the U. S. Army, is unique; it is entirely ceramic and operates at tempera- 
tures up to 2,400°F. It also produces four times the voltage obtainable from 
intermetallics; the Seebeck coefficient is 1,000-1,200 microvolts per degree. 
Pilot model delivers 100 volts at no load. The new generator uses nickel oxide 
with platinum as the reference. Nickel oxide permits the operation of hot and 
cold junctions at higher than normal temperatures, which is important in ob- 
taining thermoelectric power in high temperature environments such as jet or 
rocket exhaust streams. Operation at high temperatures also reduces the elec- 
trical resistance, a factor of prime importance in useful power generation from 
thermoelectric devices since it permits appreciable currents to be drawn. M-H 
Reg. Co. is building a second thermoelectric generator using iron oxide in 
place of platinum which should produce even higher voltage outputs. 


Sealed silver-cadmium cells are being evaluated by Yardney Electric Co. as 
replacements for nickel-cadmium cells. The sealed silver-cadmium cells allow 
significantly greater depths of discharge and higher charging rates, resulting 
in weight saving. The Yardney Silcad cells have been tested in vacuum on a 
100 minute cycle and over 2,200 cycles have been passed with 50% capacity 
taken out on each discharge. In other tests, cells with 65% taken out on the 
discharge cycle have completed 1,300 cycles. Charging is accomplished with 
simulated solar cell arrays. Yardney has also developed a new concept in fuel 
cells, in which electrodes treated with radioisotopes are used to decrease polari- 
zation. Oxygen electrodes made of sintered porous silver permit a current 
density of 150 ma/cm’ for extended periods of time at 0.2-0.3 volts of polariza- 
tion. To date, tests have shown that the voltage does not change with time. 


Ultrasonic waves have been amplified at Bell Telephone Labs. This amplifi- 
cation was accomplished by passing the wave through a cadmium sulfide crystal 
having an impressed dc field along the direction of propagation. Gains of 18 
db were observed for 15 megacycle waves and 38 db at 45 megacycles. Length 
of the CdS crystal was 7 mm. Dr. A. R. Hutson and Dr. R. L. White have 
found that the amount of amplification depends upon the applied voltage and 
conductivity of the crystal. Cadmium sulfide is useful for this purpose since 
it is available in large crystals that are highly piezo-electric and have good 
semiconducting properties. Cadmium sulfide is also photoconducting so that 
the conductivity can be adjusted closely by exposure to light. This combination 
of properties is very unusual and suggests some interesting applications in solid 
state electronic devices such as amplifiers, delay lines and isolators. 


Speaking of ultrasonics, plastic tape welding has been accomplished by the 
use of ultrasonic energy without using any heat or adhesives. International 
Ultrasonics of Cranford, N.J., manufactures endless belts and tapes of Mylar 
by splicing ribbon. The joint is said to be 90-100% as strong as the original 
material with a joint thickness in the nominal range of 10% higher than the 
original material. The overlap is a maximum of 0.050 in. Applications include 
plastic belt drives, audio, video and instrument tapes and endless projection 
tapes. The precision of the welding process plus its strength and reliability 
minimize the overlap needed, so that flexibility is not affected. 
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Servo Motors and 
Servo Motor-Tachometers 


FEATURES: Exclusive new ma- 
chine-winding technique makes 
these 2-phase, 400-cycle motors 
and motor-tachometers extra 
short, extra Se Exceed require- 
ments of MIL-E-5272C. 


FOR: Airborne systems, commu- 
nications equipment, navigational 
computers, automated systems. 


SIZES, TYPES: 47 types of size 5, 8, 


_10, and 11 motors now available. 





Stepper Motors 


FEATURES: 300 pulses per second 
in one direction or 150 when re- 
versing, these motors offer fast- 
est stepping rate available. 
CEDAR’s exclusive machine wind- 
ing also makes them extremely 
compact. Angular accuracy 
makes them ideal choice where 
precise positioning is required. 
FOR: Digital-to-analog conver- 
sion where high-speed stepping 
and reversing is important. 


SIZES: 8 and 11. 


Synchronous Motors 


FEATURES: Cepar’s machine- 
wound hysteresis synchronous 
motors are super-efficient due to 
closed slot design with smooth 
rotor and bore. Operate at tem- 
peratures from —55° to +85° C. 
Qualify under environmental 
requirements of MIL-E-5272C. 


FOR: Timing devices where con- 
stant speed is required. 


SIZES, TYPES: 14 types of sizes 8, 
11, 18 and 20 motors are cur- 
rently available. 


Here Are More Advanced 
Servo Components by CEDAR 





Accelerometers 


FEATURES: Crepar design provides 
constant air damping over full 
temperature range of —55° to 
+150° C. Low natural frequency. 
Accurate to 1%. 


TYPES: Cepar Accelerometers 
are available with synchro, re- 
solver, linear transformer, or 
potentiometer output transducer. 


The creative engineering that went 
into the development of these 
extraordinary servo components is 
always available for use in develop- 
ing new products for new uses. 
We invite your inquiries on syn- 








Transistor-Magnetic 
Servo Amplifier 


FEATURES: Smaller than any 
other amplifiers of comparable 
output. Gains up to 500 volts and 
outputs approaching 1 watt per 
cubic inch of volume. Meet MIL- 
E-5272C requirements. 


CAPACITIES: Outputs from 13 to 
52 volts and 2.5 to 9 watts. 





New Catalog contains detailed 
drawings, specifications, and per- 
formance characteristics of 66 
servo motors and other compo- 
nents currently being manufac- 
tured by CEDAR ENGINEERING. 
An invaluable guide to the design 
engineer seeking extra reliability 
and performance in servo 
components. 


WRITE OR CALL for your copy today. 


chronizers, servo tuning systems, 
gyro spin motors, radar antenna 
spin motors, rate generators, pulse 
sum to analog conversion devices 
and other special purpose servo 
systems. 
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CEDAR ENGINEERING DIVISION, 
Control Data Corporation 
5806 West 36th Street, Minneapolis 16, Minn. 


__| Please send new Servo Component Catalog 


|_| Ask your representative to call 
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UNIMAX 


SUBMINIATURE 


SWITCHES 


Proved reliability 


Meet MIL specifications 


Environment-free and 
high-temperature types 


Leaf, plunger, toggle, push-button, 
and interlock actuators 
¢ Five terminal styles 


Electrical ratings: 5 amp. 30 v.d-c resistive; 
3 amp. 30 v.d-c inductive; 5 amp. 125/250 v.a-c. 


Write for Catalog No. 20 that gives detailed 
dimensions and operating characteristics of 
UNIMAX subminiature switches. 


Local distributors now stock Unimax switches 
for your convenience. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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NEW COMPONENTS FOR 
ELECTROMECHANICAL SYSTEMS 


MINIATURE VOLTAGE DOUBLERS 413 


in three basic dimensions and ranging from 50 volts PIV to 
1500 volts PIV at a current rating of 1.1 amps is availabk 
from Solitron Devices, Inc., Norwood, N.J. Series DB is in 
molded insulated package with pure silver leads spaced 
0.2” apart for printed circuit applications. Featuring mini- 
ature size, high surge current rating and low cost, is 
measures 4” x 34” x 4”. Series SC polarized plug-in type 
has 34” dia. Series MB comes in molded blocks with 
mounting studs and meets all MIL specs. Size is 114” x 
¥g” x ¥”. Prices on request. 


TEMP.-COMPENSATED FORCE WASHERS 367 


are actually miniature load cells that approximate the 
shape of regular bolt washers. They come in standard bolt 
sizes ranging from 3/16” to 1” dia.; loads for these diam- 
eters range from 5,000 to 35,000 lbs. Temperature com- 
pensation is better than 0.5 micro in/in/°F over a range 
from 50 to 250F. Accuracies of better than +1% of full 
scale sensitivity are held for linearity, repeatability and 
hysteresis. Lockheed Electronics Co., Avionics and Ind. 
Prods. Div., Los Angeles, Calif. 





SERVO VALVE DRIVE FOR 
AERO-SPACE GROUND EQUIPMENT 341 


Modular, integrated set of transistor circuits designed to 
drive servovalves with dual 1000 ohm, 8 milliamp coils 
permits custom design at off-the-shelf prices. Etched cir- 
cuit interchangeability allows for high temperature as well 
as standard applications. Called the SSM Electronic pack- 
age, the unit has a self-contained oscillator and amplifier 
for excitation of ac transducers, and an auxiliary self- 
powered 4-watt amplifier for transducers requiring 115 
volts. Versatile gain-control methods ensure compatibility 
with most transducers. Complex high-gain servos are 
handled as well as simple controllers requiring only mini- 
mum circuitry. Convenient operation from standard power 
lines is provided by dual-regulated power supply installed 
in cabinet or panel-mounted with SSM. package. Power 
requirements (less than 5 watts) are low enough in some 
configurations to permit complete battery operation. 
Further flexibility is provided by varying configurations of 
the standard package comprising buffers, amplifiers, de- 
modulators and other circuits that accommodate de or ac 
input and feedback signals. Other special requirements 
can be met by minor modification of standard subassem- 
blies. Raymond Atchley Div., Los Angeles, Calif. 


ELECTROMECHANICAL DESIGN 
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MINIATURIZED, 2-TERMINAL TIME-DELAYS 340 


with solid state electronics offer wide timing ranges and 
are said to provide more design flexibility than previously 
available in solid state delays. Highest grade matched 
semiconductor components ensure reliability. Units are un- 
affected by polarity reversals, voltage variations or transient 
spikes. They may be connected in series with any load. 
The delays operate over an ambient temperature range of 
—55° to +85°C. DC voltages are from 14 to 32. Avail- 
able with plug-in or solder lug terminals, the ‘units meet 
requirements of environmental specification Mil-E-5272. 
Standard timings range from 0.01 to 180 seconds. Prices 
start at $38.00 Delivery is 10 days. ADC Electronics, 
Compton, Calif. 





MINIATURE LIMIT STOPS 307 


with improved precision, incorporate post construction 
which results in a sturdy, rigid structure, minimum inertia 
and starting torque and high static torque. Sizes 5 and 8 
include stainless steel BUORD servo mounting plates, 
hardened and ground shafts and phosphor bronze traveling 
nuts for smoother operation and longer wear. Basic models 
designed for zero to ten turns and zero to 40 turns. Units 
conform to MIL-E-5272C and are designed with a unique 
non-jamming stop pin arrangement. Repeatability is within 
3 minutes of arc. Torque rating is 50 in-ozs on size 5 and 
160 in ozs on size 8. Catalog is available on request. North- 
field Precision Instrument Corp., Island Park, L.I., N. Y. 


HYSTERESIS SYNCHRONOUS MOTOR 306 


with output speeds of 300, 600, or 1200 rpm, operates 
from 115 volts ac to 60 cycles, and can drive tapes at 
speeds of 334 inches per second through 30 inches per 
second. The motor, Type 5001, is insensitive to voltage 
changes of 40 volts in either direction and is said to meet 
all requirements for Armed Forces broadcasting systems. 
Currently being used to drive video tape, facsimile systems 
and dubbing machines, inherent gyroscopic action of 
motor enables smooth pulse-free operation. Sealed, pre- 
lubricated bearings make it virtually maintenance free. 
Rated ambient temperature range is —65°F to -+-165°F; 
minimum synchronous rotor torque is 7 ounce-inches; ro- 
tation is clockwise. Beau Electronics, Waterbury, Conn. 
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N EW ! WY LE 


AY Cheb relattncmme Ronniniou-latnne 
Chamber 


For Small Parts and 
Black Boxes 





Wyle Model C-106 Miniature Chamber 


Offering You... 

CLOSER TEMPERATURE CONTROL e 
COOLER OUTSIDE SKIN e BETTER OPERAT- 
ING ECONOMY e GREATER FLEXIBILITY 
e FASTER HEATING & COOLING RATES 


Revolutionary NEW “Sensor” The new Wyle liquid 
CO,-cooled Model C-106 Miniature Temperature 
Chamber is the first to use a revolutionary new 
type electronic resistance bulb controller that 
“‘anticipates’’ temperature changes and thus 
effects minimum variation over the full range. 

Extra thick layers of new, improved insulation 
retard flow of heat to outside skin... skin stays 
cooler. Interchangeable plug-in doors, with various 
provisions for specimen mounting, instrumenta- 
tion, specimen operation, and observation, assure 
minimum downtime. All features lead to greater 
economy of operation. 


RACK...STACK...OR SIDE-BY-SIDE MOUNTING 














Fits standard 19” racks ... Flush top & bottom... Flush sides 


640 Cu. In. Capacity e —100°F to +500°F 
Range e 8” x 8” x 10” Test Volume Dimen- 
sions @ Weight .. . Approx. 55 Lbs. e Heating 
& Cooling Rates ...Up to 100°F per Minute 


Write TODAY for Full Information! 


DEPARTMENT NI 


MANUFACTURING DIVISION 
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128 MARYLAND STREET, EL SEGUNDO, CALIFORNIA 
OTHER FACILITIES AT WESTBURY, NEW YORK..NEW 
HYDE PARK, NEW YORK..AND AT NORCO, CALIF. 
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0.1% LINEAR 
OUTPUT OVER 
TEMPERATURE RANGE 


SIZE 11 DE TACHOMETERS 


“SHOWN 1/2 NORMAL SIZE 


These Kearfott DC tachometers are unusually durable and 
specifically designed to provide reliable service over a 
long life. R9608-001 is an uncompensated unit ideally 
suited to function as a stabilizing element in a standard 
DC servomechanism. The R9608-002 model offers the pre- 
cision required in computing applications and is tempera- 
ture compensated to maintain its high accuracy over the 
temperature range of —15°C to +71°C, with variations 
of no more than .1% of values specified at 25°C. 


TYPICAL 
ELECTRICAL 
DATA 


TYPICAL 
MECHANICAL 
DATA 


Write for complete data 


Gp GENERAL PRECISION. INC. 


Output (volts/ 
1000 rpm) 
Rated Speed 
(rpm) 
Linearity 
(% to 3600 rpm) 
Winding Resis- 
tance (ohms) 
Output Impedance 
(ohms) 
Ripple Voltage 


Friction Torque 
(in. oz.) 

Rotor Moment 
of Inertia 
(gm-cm?) 

Weight (0z.) 


R9608-001 R9608-002 


7 (typical) 2 
5-30 available 


3600 5000 
07 1 
125 

36 


2.5% at 
3600 rpm 


2% above 
100 rpm 


0.25 0.25 


7 
5.5 


KEARFOTT DIVISION 





Little Falls, New Jersey 
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NEW COMPONENTS 





MINIATURE CONVERTER 372 


less than 2” in height, for use in servo 
amplifier systems, computers, telem- 
etry and multiplexing equipment has 
an extremely low noise level due 
to special magnetic shielding and iso- 
lation of the driving coil from the 
contact circuit. The converter plugs 
into a standard 9-pin miniature soc- 
ket. Minimum life expectancy of 
10,000 hours is attributed to an acti- 
vated “carbon getter” that removes 
any traces of organic vapor from the 
converter. Available for immediate 
delivery at a cost of $45.00 each. 


Minneapolis-Honeywell Reg. Co., 
Fall River, Mass. 
BRUSHLESS DC MOTORS 370 


fulfill the need for reliable long life 
in critical applications such as air- 


| borne systems or orbiting instrumen- 
| tation. 


Transistor commutation elimi- 


| nates the usual brush commutator as- 








sembly and quality of bearings deter- 


‘mines life expectancy of the motor. 


Motor is inherently void of radio fre- 
quency interference eliminating need 
for shielding or filtering. The unit is 
operable in high vacuum environment; 
it does not require pressurized pack- 
aging. While operating from dc power 
source, the Model “T” may be slaved 
to an external oscillator. In power 
ranges from 300 milliwatts to 4 watts 
input, the motor is available with in- 
tegral gear heads in a choice of out- 
put speeds and without gear head at 
a nominal shaft speed of 3000 rpm. 
Brailsford & Co., Inc., Rye, N. Y. 


DUAL PRESSURE 371 


switch, for applications requiring two 
single pole, double throw, normally 
closed, may be separately actuated as 
two switches in one. Actuation pres- 
sure range is 1.0” to 10.0” Hg with a 
calibration accuracy of +0.05” Hg. 
Contacts are rated at 3 amps induc- 
tive load at 28 vdce. Max. inrush of 
15 amps can be tolerated. Weighing 
12 oz., dual switch fits in dimensions 
of 214” x 2144” x 21%4” and can be 
mounted and ported as_ required 
Switches conform to Mil-S-8805, Class 
A-8; lead wires per Mil-W-16878, 
Type E, length as required. Life is 
100,000 cycles applied at the rate of 
4 cps. Switches will operate to spec 
in temperature range of —65F to 
+-165F. For all other environmental 
conditions the switch conforms to 
Mil-E-5272. Assembly Engineers, Inc., 
Los Angeles, Calif. 


ELECTROMECHANICAL DESIGN 
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TRIG-O-MATIC CLUTCH 377 


has a torque selector dial with which 
you can predetermine torque limits 
according to application requirements. 
By a simple turn of the dial to its 
indicated milled depth location you 
can make adjustments between prede- 
termined settings. The overload re- 
lease clutch assures positive, instan- 
taneous action against overloads by a 
sensitive, trigger action immediately 
disconnecting the load from the driv- 
ing unit. An actuating mechanism 
opens the electrical circuit at the very 
instant the load disconnects from the 
driving unit. This mechanism can 
also activate a switch for a_ brake, 
lights, signaling system. Centric 
Clutch Co., Woodbridge, N. J. 


INERTIA SWITCH, 409 


small, rugged and relatively insensi- 
tive to variations in temperature, is 
gas damped for maximum reliability. 
Available as a_ standard product, 
these instruments are used primarily 
where a time delay or acceleration- 
time integration is required. They can 
be set to function at ranges as high 
as 50 g-seconds. Variation in time 
delay between —65F and -+-250F is 
only +25%. Instrument meets require- 
ments of MIL-E-5272. Inertia Switch, 
Inc., New York, N. Y. 


RESET DIAL TIMER, 365 


for use where quick change of dial 
range is necessary or where high rate 
production machinery makes down- 
time prohibitive, has no wires to dis- 
connect. For prevention of accidental 
interruption, the plug-in timers utilize 
a safety clip or rear name plate for 
installations with rear accessibility or 
a screw-mounted retaining clip for 
front panel installation. Incorporating 
a 14 point terminal block for easier 
circuit wiring, the unit controls up 
to 7 individual load circuits. It offers 
16 different ranges from 3/10 sec. 
to 6 sec. up to | hr. to 60 hrs. Auto- 
matic Timing & Controls, Inc., King 
of Prussia, Pa. 
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AXIAL-VANE- 
BLOWER INDUCTION 
MOTORS FROM KEARFOTT 


Kearfott Axial-Vane-Blower Induction Motors meet the 
needs of a wide range of application problems. The motors 
shown here represent part of the many types available for 
the most demanding loads and environmental conditions. 






















DE-20-6 | AXIAL-VANE-BLOWER INDUCTION MOTOR 


This motor was designed to drive an axial-vane blower, but is adapt- 
able to many other applications. Corrosion-resistant construction 
provides efficient, continuous operation in severe environments. 

















Input: 200 volts, 400 cycles, 3 phase 
TYPICAL CHARACTERISTICS Output: 3.4 hp, 11,500 rpm 
Weight: 9 Ibs. 6 oz. 


DE-30-1 | AXIAL-VANE-BLOWER INDUCTION MOTOR 


This induction motor is specifically designed to drive an axial-vane 
blower for coding equipment and crew compartments at altitudes 
up to 30,000 feet. 


















Input: 200 volts, 400 cycles, 3 phase 
880 watts at full load 


Output: 1% hp, 7,500 rpm 
Weight: 10 Ibs. 2.5 oz. 


C-20-37 | HIGH-PERFORMANCE, AXIAL-VANE-BLOWER MOTOR 


This induction motor is a ruggedly constructed unit designed to 
operate without diminished performance in very severe environ- 
ments. Design features include extreme speed, low noise, high effi- 
ciency and precision balance. 





TYPICAL CHARACTERISTICS 
















Input: 200 volts, 400 cycles, 3 phase 
TYPICAL CHARACTERISTICS Output: %4 hp, 22,300 rpm 
Weight: 3 Ibs. 10 oz. 











Write for complete data 
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One Step Purchasing One Step Installation 





PACKAGED 


PRECISION DRIVES — 


* TIC Drives save time, trouble and money — elim- 
inate the need of procuring and assembling separate 
indicators, dials, knobs, gears, etc. And, with TIC 
Precision Drives you know you have a unit that will 
do the required job without a possibility of error. 
Use them with rotary components such as resolvers, 
synchros, potentiometers, inductors, capacitors, tuning 
coils, etc. 








@ TIC packaged Precision Dual Speed Drives are manually 
operated or motor driven, precision gear reducers to pro- 
duce accurate shaft positioning with excellent readability. 
If your synchro, resolver, potentiometer or other rotary 
devices require precise positioning and readout, TIC Drives provide a complete 
package, including couplings and mounting hardware, to allow accurate and 
repeatable settings to within 1 minute of arc. 


@ No backlash. Meet MIL-E-4970 (USAF). Panel or Modular Mounts avail- 
able. Gear Reductions up to 180 to 1. 





Send for Complete Details. 


TECHNOLOGY INSTRUMENT CORPORATION OF ACTON 


533 MAIN STREET, ACTON, MASSACHUSETTS 
©12-60 
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ey; Wicsot: 


From the Ay 
largest facilities 


in the field 


Production equipment, designed and built in our own plant, assures precise, con- 
tinuous plating of wire. . . . Our electroplates are consistently uniform and well bonded 
to the base wire. . . . Several metals may be plated one over the other, or two metals 
may be deposited simultaneously as an alloy... . A desirable application is the Gold 
plating of Copper wire. This combines the conductivity of Copper with the solder- 
ability and corrosion-resistance of Gold. Many other combinations are possible. 


Send us details of your 
specific requirements 


Manufacturing Co., Inc, 
SINCE 1901 G\ 
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121 South Columbus Ave, 
Mount Vernon, New York 
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NEW COMPONENTS 





GENERATOR VOLTAGE 412 


regulators and motor-generator set 
controls have SCR’s as non-load sensi- 
tive switching medium eliminating 
problems encountered in using induc 
tive and resistive devices. Sensing 
generator output, these SCR regula- 
tors apply de voltage to the generator 
field to maintain constant generator 
output regardless of load, generator 
saturation curves and field tempera- 
ture. Offered in a wide range of con- 
figurations, they are available from 
stock as standard packages in sizes 
from 100 watt to 3000 watt of dc 
regulator output; up to 40 kw regu- 
lator output on special order. All 
incorporate solid state circuitry, small 
size, light weight and high reliability. 
Displacement size: 1134; 18\%4 and 
36 cu. in. Auto Marine  Labs., 
Ramsey, N. J. 


FOIL CAPACITORS 364 


which compress as much as a farad 
capacitance in a container 4” x 6” x 
614” can be used over the tempera- 
ture range —55 to +-125C. Consisting 
of tantalum foil anodes with tantalum 
oxide dielectric and a neutral electro- 
lyte, with all inner sections hermeti- 
cally sealed, the rectangular unit, des- 
ignated CM-type, has a single outer 
case with optional terminal and 
mounting arrangements. All compo- 
nents meet the requirements of M1 
1-C-3965B. Polar or non-polar in 
construction, units have long shelf life 
at —65C, low leakage current and ex- 
hibit little change in capacitance with 
frequency. Tansitor Electronics, Inc., 
Bennington, Vt. 


MINIATURE 60-CYCLE 376 


chopper designed for operational de 
amplifiers for compter applications, 
has lightweight moving element and 
armature that reduce audible noise 
and vibration in the chassis and pre- 
vents transmission of vibration to 
tubes in the chassis. Heavier than 
usual magnetic shield reduces mag- 
netic pickup due to ground currents. 
The chopper contains specially de- 
signed lightweight side contacts; thin 
leaf spring damping members and 
side contact snubbers. Bounce and 
chatter are negligible within specified 
frequency ranges. Starting voltage of 
less than 3 volts is required at any 
frequency within a specified range. 


Oak Mfg. Co., Crystal Lake, II. 


ELECTROMECHANICAL DESIGN 
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MINIATURE CLUTCHES 387 


that transmit up to 10 in-lbs of torque 
for coupling or through shaft applica- 
tions operate up to 1800 rpm without 
librication due to oil impregnated 
sintered alloy construction and may 
run at higher speeds when lubricated. 
Design consists of a helical spring 
around both input and output hubs. 
A stop collar is provided to implement 
positive coupling or decoupling be- 
tween the spring and hubs. Two 
types are available: a coupling type 
for connecting two separate shafts; 
and thru-shaft design permitting any 
combination of gear, pulley or cam 
input or output. Both types are also 
available in three types of drive: sin- 
gle revolution, start-stop model and 
over-running type. Precision Special- 
ties, Inc., Pitman, N. J. 


DC TIMING MOTOR 384 


eliminates cogging action by means of 
a new motor design that differs from 
conventional types. Designers en- 
closed a permanent magnet in a non- 
ferrous hollow rotor cage about which 
windings were wound in seven sym- 
metrical coils. Windings and cage 
assembly rotates about the stationary 
magnet and provides a_ stabilizing 
eddy current effect that minimizes 
speed changes resulting from applied 
loading and temperature variations. 
Eddy current drag reduces coasting 
when power is removed; light weight 
and low inertia design of the rotor 
permits rapid acceleration and de- 
celeration. Since there is no iron in 
the rotor, there are no preestablished 
poles to cause the cogging action gen- 
erally associated with these motors. 
Designed to operate in temperatures 
ranging from —4F to 160F, the new 
reversible rotation motor is a commer- 
cial version of similar devices manu- 
factured to military specifications. A. 
W. Haydon Co., Waterbury, Conn. 


BLOCK TAPE READERS 385 


of modular design, developed for 
use where space is at a premium, are 
available from the Automation Divi- 
sion, Electronic Engineering Co. of 
California, Santa Ana, Calif. One or 
more of the three 400-series reader 
sub-assemblies may be combined with 
a single 400-series control unit to 
make up a tape reader for 80, 96 or 
120 bit tape frames, or all three selec- 
tively depending upon the models of 
the reader sub-assemblies employed. 
All models read standard 8-level per- 
forated tape with no special punch 
required. Price range from $1625 to 
$2145 depending on the number of 
bits; delivery: 45 days. 
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Lolium weitere) pebeels) alesis me ce) 
hi-fi enthusiasts 


C Although we don't have too 
many reasons why it isn't. ) 


Just because the frequency response of 

our new 6 watt transistorized servo 
amplifier is extra good, someone had to suggest its use 
as a HI-FI component. He proved his case, too, by play- 
ing MANTOVANI through it without losing a string! 
Actually, the exceptional bandwidth which permits its 
operation on either 60 or 400 cycle carriers is only one of 
many features that make this amplifier outstanding. 
Low dynamic output impedance insures good linearity 
and minimizes distortion between ‘‘motor-line perform- 
ance”’ and “‘motor-amplifier performance’’. 
High (30K) input impedance permits operation from 
most of the common input sources. 
And high reliability has been achieved without the 
finality of potting; aluminum oxide particles provide 
good thermal conductivity at the same time affording 
protection against adverse environments. 
For additional information on this servo amplifier No. 
TA006-0A-100 write: Diehl Manufacturing Company, 
Somerville, New Jersey. 


SPECIFICATIONS 


Cat. No 
D 


Noise 
Power Req 





tA Trademark of THE DIEHL MANUFACTURING COMPANY 


DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 
CIRCLE NO. 55 ON INQUIRY CARD 









NEW COMPONENTS 
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SEMICONDUCTORS 


FAST-SWITCHING DIODE 420 


with 5-to-1 improvement in conductance and 2-to-1 im- 
provement in recovery time simplifies computer design and 
other systems by eliminating the need for redundance, 
“heater” or other forms of circuit complexity, according to 
Rheem Semiconductor Corp., Mt. View, Calif. Conduct- 
ance of their RD750 silicon diode is typically 1000 milli- 
amps at one volt and at low current levels the voltage drop 
is only 0.65 volt at 10 milliamps. Typical reverse recovery 
time: 10 nanoseconds. Power dissipation: 750 milliwatts 
(in a DO-7 package). 


TWO HIGHLY STABLE PLANAR TRANSISTORS 419 


combine as a differential amplifier in one six-lead PEDEC 
TO-5 package to amplify very small signals under condi- 
tions where it was previously necessary to use feedback 
amplifiers employing mechanical choppers, according to 
Fairchild Semiconductor, Mt. View, Calif. Current gain 
(hyx) of the 2N 2060 is matched to within 10 percent at 
0.1 ma and 1.0 ma collector current and the maximum 
base-emitter voltage differential allowed is only 5 milli- 
volts at 0.1 ma and 1.0 ma. Maximum allowable base 
voltage differential change is 10 microvolts/°C over a tem- 
perature range of —55° to +125°C. at 0.1 ma collector 
current. Noise figure of 8 db maximum is specified for 
both narrow band and wide band usage. 


VERSATILE ZENER DIODES 423 


are offered by American Semiconductor Corp., Chicago, 
Ill., with 2%, 5%, 10% and 20% voltage tolerances. Voltage 
runs from 5.9 to 300 volts in 400 mw ratings at tempera- 
tures ranging from —55 to +150°C. The company has a 
new line of Zeners for commercial uses in the voltage 
range of 2 through 350 and a 200 mw rating with voltage 
tolerances of 20%, 10% and 5%. 


ULTRA-HIGH-SPEED EPITAXIALS 418 


for switching applications from 3 ma through 100 ma 
combine high dissipation, low Ic¢z0, and rugged mesa con- 
struction with the epitaxial benefits of low storage time 
and low Ver(.«:). There is no compromise of high break- 
down of high beta, according to Texas Instruments. The 
2N964 guarantees a maximum Ver(..:) of 0.18 volts, a 
minimum beta of 40, and a maximum total switching time 
of 90 nanoseconds. All six devices in the series offer an 
LVcex of 11.5 volts and an I¢xo of 3 microamps and are 
packaged in a JEDEC-standard TO-18. 
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“SUPER G DIODES,” 422 


so called by National Transistor Mfg. of Lawrence, Mass. 
because they have extremely high ruggedness and reliabil- 
ity, have all of the desirable characteristics of gold- 
bonded diodes. However, their resistance to shock and 
mechanical stress is several times greater, according to 
company officials. Whereas ordinary gold-bonded diodes 
may withstand stresses in the neighborhood of 20,000 G’s, 
the new Super G Diodes reportedly withstand stresses in 
excess of 50,000 G’s. Greatly reduced printed circuit 
board shrinkage and fewer field failures using these diodes 
have also been reported. 


LOW NOISE SILICON TRANSISTORS 415 


specify max-min 25°C beta at five collector current points 
down to two microamps. Probably the most thoroughly 
specified units on the market, according to National Semi- 
conductor Corp., Danbury, Conn., the new series, desig- 
nated NS 430 to 438, is available in the TO-18 package. 
Maximum to minimum beta is in a ratio of three to one 
and two additional guaranteed minimum beta points at 
50 microamps and one milliamp are given at —65°C. 
Three controlled beta ranges are available at a minimum 
breakdown voltage (BVcro) of 10, 20 and 45 volts. De- 
signed for use in front end stages, a maximum leakage of 
0.2 microamps is guaranteed at 100°C — 5 microamps max. 
at 150°C. Noise is specified in terms of two parameters — 
the equivalent input noise voltage (Vy) and noise current 
(Iy) — instead of the usual practice, according to National, 
of specifying only narrow band noise figure. With this 
data, designers can calculate the noise figure for various 
source impedances. 
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SEMICONDUCTOR SUB-CIRCUITS 425 


inade from a specially developed “Match Maker” process 
that meticulously selects and closely mates component 
parameters giving a high degree of semiconductor, mul- 
tiple-unit, reliability. Named Compac Welded Sub-Cir- 
cuits, these assemblies from Continental Device Corp., 
Hawthorne, Calif. feature close tolerance, resistance weld- 
ing of all intercomponent connections. Typical circuit- 
functions include: flip-flops, logic, voltage reference and 
regulation, demodulator, high voltage and bridge rectifi- 
cation. Although the sub-circuits can be made to specs, 
they are classified into six general categories: matched 
pairs and quads with maximum working voltages of 50, 
100 and 200 volts; full wave diode bridges of 50, 175 and 
230 volts (maximum working voltage); voltage references 
ranging from 8.4 volts to 210 volts and temperature co- 
efficients as low as 0.0005; voltage regulators with voltage 
tolerances of 1%, 5% and 10% with breakdown voltages 
from 0.5 volts to 63 volts; matched pairs and quads with 
a recovery time of 4 nanoseconds; and solid state multi- 
vibrators covering a frequency range of from 0.2 mc to 


50 KC. 


SILICON CONTROLLED RECTIFIER 416 


is said to be the most complete specified unit of its type 
in the industry. Although primarily used as both a sensi- 
tive signal amplifier and power switching element in low 
power switching control circuits, the all-diffused low cur- 
rent SCR may also be operated as a high voltage PNP 
transistor. Specification sheet from General Electric pro- 
vides 11 separate curves. Eight models differ by forward 
breakover voltages which range from 25 volts for the C5U 
to 400 volts for the C5D. Devices in the C5 series will 
accommodate transient peak reverse voltages up to 500 
volts. Average forward current rating: 1 amp de at 82°C. 
case temperature. Maximum gate current to fire: 200 
microamps at 25°C. Peak one cycle, non-current surge 
current: 18 amps. 








NANOSECOND GERMANIUM DIODE 421 


Type CGD 1092, attains a reverse recovery speed of 8.0 
museconds maximum (to 1.0 mA) at 25°C, with a mercury 
relay square wave generator and a scope with rise time less 
than 1.0 musec., switching from 10 mA with 100 ohms loop 
impedance. Under parallel conditions, Type CGD-1093 
attains a reverse recovery speed of 3.0 museconds maxi- 
mum. Average power dissipation of both types is 80 milli- 
watts. With no increase in size or weight over conven- 
tional gremanium diodes and characterized by Clevite 
Transistor as having excellent resistance to vibration and 
shock, the diodes are operable over an ambient tempera- 
ture range of —65°C to +-90°C. 
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SILICON ZENER DIODES 417 


span the voltage.range from 6.8 to 200 volts and represent 
industry-preferred 10 watt voltage regulators specifically 
designed to meet MIL-S-19500/124(SIG C), reports In- 
ternational Rectifier Corp., El Segundo, Calif. The new 
devices provides extremely high stability over a wide tem- 
perature range (—65 to +-175°C) on such applications as 
dec voltage regulating, clipping and clamping circuits, and 
limiting and surge protection. Available in 5, 10 and 20% 
voltage tolerances, these units are characterized by very 
low Zener impedance (1.2 to 300 ohms at test current) 
and a max. Zener current range (at 75°C) from 1.3 to 0.04 
amps. Packaged in the DO-4 case, they are bright tin- 
plated and all-welded hermetically-sealed. 


TWO POWER TRANSISTORS 424 


are diffused-junction NPN types designed for high power 
switching and amplifier applications operating in the tem- 
perature range of —65°C to +-200°C. These 85 watt units, 
USN 2N389 and USN 2N424, meeting the requirements 
of MIL-S-19500/173, are available from Silicon Transistor 
Corp., Carle Place, N. Y. 


HEATLESS-SEALED SILICON RECTIFIERS 426 


are the result of the cleanest hermetic sealing process ever 
attained according to Transitron Electronic Corp., Wake- 
field, Mass. Transitron engineers believe the new seal 
represents a major advance in the state of the art. Reli- 
ability of internal rectifier junctions is enhanced because 
no heat is used to seal the packages. Cap and base are 
joined by the “cold flow” of copper into steel as the parts 
are forced together under high pressure. Rectifier junc- 
tions are not exposed to contamination by the sputtering 
or splashing of molten metals or by flux flames and gases, 
weld flashes or hot sparks. Four series now in quantity 
production are available for immediate delivery including 
types in the 32 amp, 20 amp and 35 amp series. The new 
seal will be introduced on other rectifier series at a later 
date. Although the bases and caps, provided by Standard 
Pressed Steel Co. in a patented-protected process, are more 
expensive than those previously used, savings made pos- 
sible by the fewer manufacturing steps involved eliminate 
the necessity for any price increases. 
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0-5 VDC OUTPUT 


PRESSURE 
TRANSDUCER 


FOR OPERATION to 250°F 


Ranges: 0.5 to 2,500 psi — gage or 
differential . .. 5 to 2,500 psi — 
absolute 


Accepts corrosive fluids — both sides 
Yo % full scale accuracy 


Designed for voltage controlled 
telemetering and other DC systems 
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| a capacitance change of 


| available to 150°C. 


| DELAY LINES 


NEW COMPONENTS 





CERAMIC CAPACITOR 347 


with axial leads, companion to the 
recently developed GL10 capacitor 
with radial leads, has been announced 
by Gulton Industries, Inc., of Metu- 
chen, N. J. Maximum size of the 
axial-lead capacitor is 0.085” sq. by 
0.035” thick with a rating of 50 
WVDC. Capacitance values are in 
the range from 10 to 300 mmf., with 
+-10% over 
the temperature range of —55°C to 
+85°C. Tolerances of +15% are 
The capacitor 
meets or exceeds requirements of 
MIL-C-11015. 


351 


| developed to meet critical height and 


volume requirements for application 
on printed circuit cards, are 0.4” in 
height, 1.4” in width and may be 
varied in length as required. Lumped 


| constant time delay to rise time ratios 
| of 5:1 require a delay line length of 


| coefficient, 


1.6”; ratios of 25:1 may be obtained 
with a length of 5.6”. Units have a 
500 VDC rating, low temperature 
maximum attenuation of 
0.7db/usec for rise time less than 
0.15usec and 0.35 db/usec for rise 
times greater than 0.15usec. Toler- 
ances can be maintained through an 


environmental temperature range 
from —55°C to 125°C. PCA Elec- 
tronics, Inc., Sepulveda, Calif. 

SYNCHRONOUS MOTOR 381 


offering stable outputs of 300 or 600 
rpm insensitive to voltage changes, 
and capable of continuous use with- 
out shutoff, drives large inertial 
masses at a truly constant rate of 
speed. The hysteresis motor’s in- 
tegrated drive eliminates the need 
for dual output shafts and dynami- 
cally balanced flywheels while main- 


| taining close tolerances on the out- 


| put shaft. 


| pulse shifting as frequency 


| inertia 


The rotor of this motor, 
Type 5003, revolves around the out- 
side of the stator with the motor ring 
acting as a permanent magnet and the 
varies. 
moment of 
advantages 

Operable 


As a result of increased 
the motor offers 
in torque and stability. 
temperature range —65F to +-165F. 
Input voltages: 115 volts single 
phase, variable 40 volts in either di- 


| rection while power input is given at 


| bury, 


28 watts max. Life: 10,000 hrs. with 
maximum unbalance remaining at 
0.004 oz.-in. Beau Electronics, Water- 
Conn. 


COAXIAL RELAY 350) 


for antenna transfer and other low 
power applications under 1” in di: 
and weighs less than 1 oz. Operatin 
voltage is 22-32 VDC; VSWR: 1.2 
cross talk: 32 db. Low quantit 
prices, $50.00 each with delivery in 
4 to 6 weeks. Omega Precision, Inc. 
Azura, Calif. 


PERMANENT MAGNET MOTOR 373 
Dec motor with planetary gear reduce: 
and a dc rate tachometer delivers 
torques in excess of 100 lbs through 
a speed range of at least 1 to 15 rpm; 
feedback is 8 vde per 1000 rpm. De- 
signed for application in transistorized 
servo systems, the unit characteristics 
such as gear reduction, motor voltage 
and feedback voltage can be obtained 
for a wide variety of values from 
standard components to match spe- 
cific requirements. Globe Industries, 
Inc., Dayton, Ohio. 


RECTIFIERS 349 


the size of a lighter flint are capable 
of handling 1000 to 2500 volts (PRV) 
with from 85 to 100 ma d-c output 
on a wide range of low current, high 
voltage multiplier applications. Manu- 


factured by International Rectifier 
Corp., El Segundo, Calif., the new 
devices exhibit maximum leakage 


current of 2.0 at PRV at 25°C, and 
maximum forward voltage drop of 4 
volts at 150°C. Designated types 
Q10K through Q25K, the 4 units 
have an operating temperature range 


from —20 to +130°C., measure 
0.265” x 0.120” (dia.) max. not 
counting leads. Prices: $4.00 to 
$9.20 —1 to 99 quanities. 

MICRO-MIDGET CHOPPER 414 


less than ™%4 cu. in. in volume and 
weighing only 2014 grams exhibits a 
maximum noise level of only 0.65 
microvolts RMS at 400 cps, 100 ohm 
load. Enclosed in durable brass case, 
the contact modulator interrupts weak 
electrical currents at precise rates. 
It withstands 100 g shock, and tem- 
peratures from —65C to +-100C. Its 
insulation withstands 145 volts RMS, 
400 cps or 200 volts DC. Continuous 
operational life is 2,000 hrs. minimum; 
dwell time rating is 150-to 185° — re- 
ferred to a sinusoidal reference wave — 
and phase angle is 65°, +15°. These 
ratings are at 6.3 + 0.6 volts AC, 25C, 
and 400 (+20) cps. With slight 
change in phase and dwell times the 
unit can run at up to 600 cps drive 
frequency. Cambridge Div., Airpax 
Electronics, Inc., Cambridge, Md. 
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MULTIPLIER PHOTOTUBES 363 


have high sensitivity to white light 
due primarily to extension of response 
into the red region of the spectrum 
of their tri-alkali photosensitive sur- 
faces. Peak sensitivity is at approx. 
4200 Angstrom units with 50% of 
peak response maintained at 7000 
Angstrom units in the red portion of 
the spectrum and 15% of peak re- 
sponse as far out as 8000A. In addi- 
tion these phototubes have excellent 
high temperature characteristics, op- 
erate at low temperature and have 
low noise characteristics. Allen B. 
DuMont Labs., Clifton, N. J. 


SLIDE WIRE POT 356 


measures 114” long by 34” wide by 
14” deep. Designed to provide reli- 
ability and accuracy, previously not 
available for trimming, balancing and 
calibration of circuits, the unit, en- 
cased in aluminum, has power rating: 
14 w at 50°C, derate to 0 to 125°C; 
temperature _—srange: —55°C to 
1-125°C; resistance range: 3 to 17 
ohms; humidity seal: MIL-E-5272, 
Proc. 1; terminals: lead or solder lugs. 
CON/ELCO, Div. of Edcliff Instr., 
Monrovia, Calif. 


” 


CHOPPER AMPLIFIER 386 


requires 25 millivolts d-c input for 
40 volts rms maximum ac _ output 
(6.1 watts power). The minimum 
input impedance is 50,000 ohms with 
infinite d-c input resistance. Internal 
adjustment allows approximately zero 
phase shift with reference to the 
chopper excitation. The 400 cycle 
unit operates at 28 volts DC, at 350 
milliamps for maximum output at 20 
milliamps per zero signal. Measure- 
ments are  2-11/16” x 2-5/16” x 3- 
1/2” including the mounting studs. 
Hermetic sealing and board compo- 
nent mounting meets military envi- 


ronmental requirements. M. Ten 
Bosch, Inc., Pleasantville, N. Y. 
HI-SPEED COUNTERS 369 


give plus and minus, right and left or 
directional readings at high speed and 
low torque. Designated “Veederline” 
the family of counters meet military 
specs at commercial application prices. 
Available in a variety of wheel con- 
figurations, figures, special reading 
lines, special shutter marking stops, 
cursor lines and decimal points, dead 
zeros, double shaft extensions, drive 
gears and sprockets and other charac- 
teristics enable applications to a wide 
variety of military and industrial sys- 
tems. Veeder-Root, Inc., Hartford, 
Conn. 


DECEMBER 1961 





321 


CIRCUIT BREAKER 


designed for motor protection in shaded 
pole or permanent split capacitor motors, 


and for solenoid, transformer or fluor- 


ecsent light ballast protection is 114” | 


long by 4” diameter. It can be mounted 
at source of heat, insuring rapid, accurate 
temperature response. Mechanical Prod- 
ucts, Inc., Jackson, Mich. 


PRECISION POT 366 


eliminates electrical noise by unique 
coil conditioning process. 10-turn pot 
also has “ballized” main shaft bear- 
ings for mechanical smoothness and 
high resolution. A sleeve over slotted 
shaft prevents screw-driver slippage. 


Applications: Power supplies and 
equipment where variable contro] 
with fine resolution is required. Re- 


sistance range 25 to 200,000 ohms; 
linearity +0.03%; resolution 0.007%; 
power rating 3 watts at 40C; temp. 
range —55C to +110C; life 2,000,- 
000 revolutions; size 1” dia.x 
1-53/64”. Arcon Electronics, Los 
Alamitos, Calif. 


FIVE AMPERE PULSE SCOPE TEST- 
COMPARING TURN-ON TIME OF RD750 
WITH STANDARD COMPUTER DIODE 
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SILICONE DIODE 378 


with a 5 to 1 improvement in conduct- 
ance and a 2 to 1 improvement in re- 
covery time makes possible significant 
design improvements in computers and 
other electronic systems. Conductance of 
the device, designated RD750, is typi- 
cally 1,000 milliamps at one volt permit- 
ting new levels of high current switching 


for applications such as thin film com- | 


puter memories. At low current levels 
the voltage drop is very low — 0.65 volt 
at 10 milliamp. Power dissipation is 750 
milliwatts but the package size remains 
the DO-7 configuration. Reverse recovery 
time is typically as little as 10 nano-sec- 


onds. Available at $2.65 in quantities of | 
100 to 999. Rheem Semiconductor Corp., | 


Mt. View, Calif. 
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Instrument Servo Motors 
Precision Potentiometers 
Electromagnetic and 
Potentiometer Transducers 


Environmental Testing 
Sensitive Relays 

Connectors and Fasteners 
Analog-Digital Converters 
Electromechanical Switches 
Fractional Horsepower Motors 


An indispensable sourcebook of design 
information. First published in ELEC- 
TROMECHANICAL DESIGN and 
now collected in one easy-to-consult 
volume. Puts at your fingertips com- 
plete surveys of each of the categories 
listed above. Easily worth twice the 
price — $7.00. Get your copy now. 
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For Your Literature File 


NEW CATALOGS 


Most of these catalogs contain complete specs, mounting configurations 
and other details associated with the application of the products described. 








Elastomer-fabric Diaphragms 958 


Long stroke, rolling, preconvoluted, and 
molded convolution diaphragms for either 
static or dynamic applications in aircraft and 
industry described and illustrated in technical 
terms. Wide range of elastomers used in dia- 
phragms ranging from neoprene, nitrile, and 
butyl; to silicone, florinated- silicone, Viton, 
and polyurethane reviewed. Fabrics, such as 
teflon, dacron, glass, and cotton discussed to 
assist design engineers in diaphragm selection. 
Mechanical considerations such as diaphragm 
sidewall thicknesses, flange and bead con- 
struction, etc. covered. Comprehensive design 
worksheet facilities inquiry about diaphragms 
or complete actuator assemblies. Diaphragm 
Industries, Inc., Beverly, Mass. 


Data Acquisition Unit 955 


Available for precision applications in process 
control, data system operates through direct 
digital conversion of analog input from dc 
sensing devices. Catalog gives rundown of 


the system’s operation and capabilities for use 
with thermocouples, resistance thermometers 
or strange gage transducers to monitor, re- 
cord or control temperature, pressure, stress 
or voltage an includes a block diagram of 
typical temperature monitoring application 
along with performance specs. Genisco, Inc., 
Los Angeles, Calif. 


High-Current Diodes 956 


Series of five 400 ma diodes with voltage 
ratings up to 600 volts are described in 
Catalog D-101 Maximum power dissipation is 
600 mW at 25C. Operating and storage tem- 
peratures range from —65C to +150C. Com- 
puter Diode Corp., Lodi, N. J. 


Silicon Rectifiers 960 


Forty-five page composit of 12 data bulletins 
describes 8 basic silicon power rectifiers and 
their corresponding standard rectifier stacks 
for use in battery chargers, instrumentation 


and electronic circuitry, railway signalling 
electroplating and similar services for electri 
utility, railroad, military and general industri 
applications. The bulletins include complet 
tabulations of electrical data, characteristi 
curves and dimensional diagrams. Currer 
ratings of the rectifiers range from 6 to 24 
amps and their maximum peak reverse volt 
ages range from 50 to 600 volts. Rated out 
puts of the rectifier stacks range from 12 
370 amps, single-phase, and from 18 to 52( 
amps, three-phase. Capacitor Div., Fanstee 
Metallurgical Corp., No. Chicago, Ill. 


Automatic Engine Controls 959 


Detailed information covers a broad line of 
controls designed to stop and start gas 
gasoline, or diesel engines from operation of 
remote electrical contacts. Plug-in components 
used throughout, include provisions for stop 
ping the engine in case of low oil pressure, 
high water temperature or overspread. A 
variety of modular control accessories adapt 
the equipment to complex engine control 
tasks, such as those required in missile ground 
support equipment and critical standby power 


installations. | Synchrostart Products,  Inc., 
Skokie, Ill. 
Coaxial Connectors 957 


In addition to specifications, performance 
characteristics and availability data, a sub- 
miniature coaxial connector catalog provides 
information on the proper techniques for as- 
sembling all crimp terminated RF connector 
and application tools involved. (10 pp) The 
Deutsch Co., Electronic Comp. Div., Banning, 
Calif. 
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This 
four-page 
bulletin 


describes a new service which provides complete, 
pre-engineered “clean” or “white” rooms in one 
package at one price — including installation and 
employee training. 31 construction and operational 
details of a typical dust-controlled clean room 
are illustrated. 


Write for your free copy 


eZ Controlled Environment, Ine. 


915 Great Plain Avenue @ Needham 92 @ Massachusetts 
CIRCLE NO. 20 ON INQUIRY CARD 
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250 K cps Circuit Modules 963 


Thirty-two page catalog, with photos and 
schematics, provides data on a 250 Kcps fam- 
ily of circuit modules that operate over an 
ambient temperature range of —55° to 
+71°C. Details electrical, mechanical and en- 
vironmental specifications. Electronic Modules 
Corp., Timonium, Md. 


Digital Voltmeters 962 


Twenty-eight-page catalog supplement con- 
tains complete technical information on two 
new NLS premium digital measuring instru- 
ments, three new low-cost digital voltmeters, 
a new line of five digital comparators, a cali- 
bration console, new input accessories, plus 
price and specification changes on existing 
NLS models. General section contains a guide 
to proper selection of NLS digital voltmeters 
and complete prices on all NLS digital volt- 
meters, A/D converters, ratiometers, ohm- 
meters, multi-purpose meters, and accessories 
and associated equipment. Non-Linear Sys- 
tems, Inc., Del Mar, Calif. 


Microwave Instrumentation 943 


Because of the unique requirements of the 
microwave engineer, Hewlett-Packard has de- 
veloped a special 32-page catalog dealing 
with the generation, transmission, and meas- 
urement of microwave phenomena. For con- 
venience in use, the contents have been ar- 
ranged by frequency range, rather than by 
model number as in conventional practice. 
Designed to be educational as well as con- 
venient, the first few pages briefly review 
basic microwave measurements, and _ photo- 
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Shown is Revco U.L.T. Model SZC-859 for 


MODULARS —140°F. operation with: (1) Indicator Con- 
troller, (2) Alarm System, (3) Storage Maga- 
© +i5°F. to +100°F. range zines, (4) 7 Day Recorder. 
@ Incubation or freezing CHESTS AND UPRIGHTS 
A - @ 11% to 22 cu. ft. capacity | 
7 1°F. cycle control @ Pulldowns from ambient to 
@ 7 adjustable shelves in 114” —140°F. 
steps @ Precision accuracy to +1°F. 
. ‘ . cycle control 
® Signal lights for heating and e Pall year warranty on parts, 


refrigeration 


® Bilt-in, 9 cu. ft. capacity, auto- 
matic defrost 


® Choice door panels stainless 
steel, copper, color, or white 


WRITE DEPT. EMD-121 FOR 
Complete Information 


isters 
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workmanship, and preauthor- 
ized service 
@ indicator-Controllers, Alarm 
Systems, 
casters, etc., available 
Storage magazines and can- 


Prompt delivery 


Enviable performance record— 
ask for list of customers served 


RE \WV/CO 


REVCO INDUSTRIAL PRODUCTS DIV., DEERFIELD, MICH. 
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graphs of typical equipment set-ups for these 
measurements appear throughout the catalog. 
Hewlett-Packard Co., Palo Alto, Calif. 


Servo Hardware 941 


One-hundred-forty pages provide data on a 
line of precision gears, magnetic clutches and 
brakes, differentials, couplings, gear heads, 
limit stops, bearings, electronic hardware and 
other items used in electro-mechanical equip- 
ment. Siamco, Div. of Tech-Ohm Electronics, 
Inc., Long Island City, N. Y. 


Precision Wirewound Resistors 940 


Twenty pages cover the complete line of Hi-Q 
precision wirewound resistors including per- 
formance characteristics and Mil Spec informa- 
tion on encapsulated units with axial and 
radial wire terminals and with turret lug and 
radial lug terminals, and a micro-miniature 
series. A separate section presents general 
characteristics under such headings as environ- 
mental tests, resistor calibration and tempera- 


ture coefficient of resistance. Hi-Q Div., 
Aerovox Corp., Burbank, Calif. 
Test Instruments 942 


Brochure provides description and data on an 
expanded line of test instruments, miniature 
magnetic tape recorders, data reduction sys- 
tems and variable reluctance transducers and 
accelerometers. Test instruments include vac- 
uum tube voltmeters, VSWR indicators, volt- 
ohm meters, R-F power meters, precision 
slotted line instruments and signal generators 
covering HF, VHF, UHF and SHF. Borg-Warner 
Controls, Santa Ana, Calif. 





WORTH FILING 





High-Temperature Wires, Cables, 


Tubings 


Complete compendium of Hitemp 
products includes government and 
commercial specifications, new prod- 
uct highlights, U. L. listings and rat- 
ings, physical dimensions, dielectric 
strength and temperature ratings for 
the company’s magnet wire, Teflon 
wrapped and extruded hook-up wire, 
miniature Teflon lead wire, Teflon 
tubing, cables, FEP insulated wire, 
Teflon tape, marking fluids, special 
jackets, “ground support cables to 
MIL C-137776”, etc. 

Source: Hitemp Wires Co., Westbury, L.I., N.Y. 
For Your Copy: Write No. 808 on Inquiry Card 


WORTH BUYING 





Preferred Circuits Handbook 


Supplement No. 4 adds 4 new tran- 
sistor circuits to the Handbook and 
revises 5 of the vacuum tube circuits 
to include data for the use of sub- 
miniature as well as miniature tubes. 
New circuits are 2 video amplifiers 
and 2 emitter followers; revised cir- 
cuits are video detector, limiter, com- 
mon cathode mixer and astable and 
monostable = multivibrators. Price 
Suppl. #4: 35¢ 
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7 day recorders, 








For detailed QUADRATURE REJECTION AMPLIFIER SPECS, MODEL 1805-0500 
Write to Dept. TR-10, M. Ten Bosch Inc., Pleasantville, New York 


QUADRATURE REJECTION 


with a 


PLUG-IN 
TRANSISTOR AMPLIFIER 


INPUT IMPEDANCE 500,000 ohms 
(A wide range of input 
values may be made 
available to suit source 
impedance requirements.) 































LOAD IMPEDANCE 500 ohms 
POWER GAIN 30 Db. 
VOLTAGE GAIN Unity 
PHASE SHIFT Tero 


CARRIER 
FREQUENCY 380 to 420 c.p.s. 


OUTPUT 450 millivolts 
minimum saturated 

signal at 500 ohm 

output impedance 


INPUT-POWER 


REQUIREMENTS 28 V.D.C. at 
12 ma.; 115 V. 


400 c.p.s., 1 ma. 
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in May 1962 
we will publish 
a completely updated 


State-of-the-art is 


ALL YOU NEED T0 KNOW 
about the 14 important components listed at right. 


Complete and exhaustive surveys of each subject will 
make this issue an invaluable sourcebook for designers’ of 
electromechanical systems. Our editors have collected the 
material from 24 past issues of ELECTROMECHANICAL DESIGN 
and they are now in the process of updating each category 
with the latest developments and applications. 


You will find this issue precise, practical and complete. 
An extremely useful handbook that will prove its value day 
in and day out for years to come. 


ELECTROMECHANICAL 


components & systems | DESIGN 











High Temperature Techniques 


Insulation, conductors, connections, bearings, lubricants, high speed effects, magnets. 


Amplifiers for Power Control 


Description and comparison of transistorized and magnetic amplifier circuits techniques. Tables of 
performance characteristics for ovailable units and Buyers Guide updated. 


Electrical Resolvers 


All the user needs to know for selection and application in computers and navigation systems, tele- 
metry and radar. Buyers Guide and Master Chart listing performance characteristics of commercially 
available varieties updated. 


Fasteners 


Designs for speed, inserts, safety, simplicity, adjustment, sealing. 


Magnetic Clutches and Brakes 


Miniature, precision varieties of the friction disc type for precision servo and military application. 
Detailed analysis, selection and application factors. 


Electrical Insulation 


Design problems and factors, important electrical and mechanical properties, test specs, selection 
factors, available materials and techniques. 


Miniature Servo Packages 


How to select a whole servo in a simple compact package to do a job that once required a specially 
designed arrangement of gears, amplifiers and rotating components. 


DC Regulated Power Supplies 


Open and closed loop regulation, specs, selection and application factors and tables of performance 
characteristics of representative manufacturers units. Buyers Guide. 


Hydraulic Servo Valves 


Selection and application procedures for the most common servo types including speed regulation, 
accuracy curves, nomographs for optimum valve selection for any hydraulic servo application. Design 
and classification details of commercially available types. 


Digital Voltmeters 


Sampling frequency, converter types, converter bandwidth, selection factors, application notes, com- 
mercial equipment. 


Fans & Blowers 


Procedures for cooling electronic equipment by appropriate fan and blower selection, location and 
packaging. Universal design nomograph. Summary of performance characteristics of off-the-shelf 
units. 


Timers 


Four part series covers basic concepts and mechanisms of time delay, timing motors, plus analysis 
and description of commercial units for control systems, process control and machinery design where 
time is the convenient independent parameter. Buyers Guide. 


Semiconductor Devices 


Six part series covering 2, 3, and 4 layer devices and other semiconductor products written specifically 
to tell the electromechanical design engineer what he needs to know in selecting, testing and applying 
these devices. 


Servomotors: Part Il & Ill 


Part | appeared in Components Digest Handbook #1. Partg!I and Ili cover gearhead selection and 
contain updated servomotor tables for application and selettion. 
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Transistor Amplifiers 653 


Four 4-stage transistor amplifiers ranging in 
power output from 0.5 mw to 3.0 mw are 
described in detail. They vary in size from 
1 7/16” x 1%” x 19/32” for the 3.0 mw 
unit to V2” diameter x V4” thick for the 0.5 
mw unit. Standard production models can be 
modified to provide different frequency 
curves. Data includes frequency response 


curves, noise level and load output. Cen- 
tralab, Milwaukee, Wisc. 
Precision Resistors 670 


Designed to exceed MIL-R-10509D for Char- 
acteristics C and E, molded metal film preci- 
sion resistors, available in Ye, Y4 and V2 watt 
sizes, surpass wire-wound precision resistors 
in RF performance and are smaller in size 
and light in weight, according to the bro- 
chure. Units feature high stability, accuracy 
and reliability, low TC (as low as +25- 
PPM/°C), low noise level, resistance toler- 
ances +1% and below, resistance to moisture 
and vibration, wide range of resistance 
values. (6 pp) Ward Leonard Electric Co., 
Mt. Vernon, N. Y. 


Germanium Diodes 688 


New semiconductor manufacturer describes 
computer diodes, high reverse resistance types 
and high forward conductance types in Bulle- 
tin A-101. (4 pp) National Transistor Mfg., 
Inc., Lawrence, Mass. 


Tensile Tester 687 


Model “TT” Tester tests the breaking strength 
of electrical leads, terminal and connectors and 
a companion Model “TJ” Tester, equipped 
with two automatic jaw pairs, tests many 
small parts or material samples as well as 
electrical leads and connections. Bulletin 
750/P describes construction and operation 
of these pull testers and their individual com- 
ponents including air motors, specimen hold- 
ing devices and accessories as well as listing 
available capacity ranges and the accuracy 


of each in tabular form. (4 pp) Hunter 
Spring Co., Lansdale, Pa. 
Precision Resistors 682 


Short-form catalog tabulates complete per- 
formance characteristics of epoxy molded 
carbon and metal film precision resistors, resin 
coated and hermetically sealed precision car- 
bon films, and precision and microminiature 
wire wound resistors. Key Resistor Corp., 
Gardena, Calif. 


Servo Packages 681 


Tabulation of performance characteristics are 
given for a complete line of size 5 motors, 
motor tachometers and synchros; a complete 
size 8 line, including synchros and resolvers; 
a complete size 11 line; and complete size 
15 and 18 lines. Gear train ratio chart in- 
dicates ratios up to 2242.5 to 1. Transistor- 
ized servo amplifiers are offered in 60 and 
400 cycles. One page is devoted to curves 
indicating gain vs temperature. (16 pp) 
Daystrom, Transicoil Div., Worcester, Pa. 


Motor Capacitors 952 


Combination catalog-service guide on capaci- 
tors for ac applications gives complete de- 
scriptions and listings of motor-starting elec- 
trolytics as well as Clorinol-impregnated 
motor-run capacitors. This comprehensive 
guide contains pages of service and replace- 
ment information on motor capacitors, and 
also includes an interchangeability chart incor- 
porating various companies’ capacitors. (24 
pp) Sprague Products Co., No. Adams, Mass. 


Miniaturized Pressure Pots 663 


Available in ranges from 0-10 to 0-5000 psia 
in one basic miniaturized configuration, these 
pressure pots withstand 35g to 2000 cps with- 
out fluid damping. With a temperature sen- 
sitivity of less 0.008%/°F and a 1” diam- 
eter, the units are particularly suited for 
providing high level signal outputs for mis- 
sile telemetry or control systems. Units are 
also available in gage or differential models 
and with corrosion resistant sensing elements. 
(4 pp) Trans-Sonics, Inc., Lexington, Mass. 


Disc Brakes 684 


Mechanically and automatically re-adjusting 
themselves to compensate for lining wear 
resulting from use, new disc brakes virtually 
eliminate maintenance — an important consid- 
eration in applications involving rapid cycling 
or inaccessibility. These brakes are available 
in 10 Ibs. ft. through 105 Ibs. ft. torque rat- 
ings, standard and dust-tight waterproof en- 
closures, AC. (4 pp) Stearns Electric Corp., 
Milwaukee Wisc. 












FROM WIRE STOCK 


e No lead time needed for dies ‘ 
or exact strip. 

e Use with induction, gas-air, 
furnace, or other heating methods. 

e@ Available in EASY FLO and 
SILFOS — Copper, Bronze, and 
other alloys. 

e Diameters up to 4” I.D., wire 
thicknesses from .010 upward. 


Write for 16 page booklet on 
better brazing. 





LUCAS-MILHAUPT Engineering Co. 


5060 South Lake Drive, Cudahy, Wisconsin 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, 
spot-lighted in color. You See what is happening at 
Facts at eye level — saves you time, pre- 


Simple, flexible — easily adapted to your needs. 
Easy to operate. 
cards, snap in grooves. Ideal for production, schedul- 
ing, sales, traffic, inventory, etc. 
Compact, attractive. 


Full price $ 49 50 with cards 


Type or write on interchangeable 


Made of metal. 


24-Page illustrated Booklet AK-30 
Mailed Without Obligation 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
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Transistor Catalog 951 


Produced as a handy aid for original equip- 
ment design or equivalent replacements, 
catalog divides the transistors into audio PNP, 
high frequency PNP, audio NPN, and high 
frequency NPN and gives detailed specs on 
452 types of germanium transistors. (8 pp.) 
Electronic Transistors Corp., North Bergen, N.J. 


Flexible Couplings 996 


Expanded line of flexible cushion couplings 
that absorb vibration and compensate for all 
combinations of shaft misalignment and end 
float is described in a bulletin. Included for 
the first time are new couplings with more 
than twice the torque capacity of the next 
smaller size, and a new intermediate size. 
Both feature the standard tire-shaped flexing 
element of synthetic tension members bonded 
together in rubber. Descriptions of standard, 
high speed and flywheel types are given. 
(24 pp) Dodge Mfg. Corp., Mishawaka, Ind. 


Precision Wire Wound Resistors 671 


Catalog covers entire line of precision wire- 
wound resistors and includes all technical 
data and performance curves of miniature, 
sub-miniature, axial lead, lug, printed circuit, 
high frequency, card-type, ceramic and her- 
metically sealed types as well as complex 
resistor networks. In addition, the catalog in- 
cludes a discussion of the company’s high 
reliability resistor program and a cross refer- 
ence chart with military specifications. (20 
pp) The Daven Company, Livingston, N. J. 
























Hampshire. 


In this separate facility, assemblies including bearings, 
shafts, housings and pulleys are produced to your designs, 
to New Hampshire precision standards and shipped to you 


inspected, tested and ready to install. 


Manufacture is restricted to mechanical units in which 
the correct installation and performance of bearings are 
important and critical elements of the assembled unit. We 
are not manufacturers of or qualified to produce gears, 
gear trains, gear boxes, motors or electrical components. 


For more complete information, write for Rotassembly Bulletin. 


NEW 
HAMPSHI re / eau BEARINGS, INC. 
PETERBOROUGH, N. H. 
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READY TO ROLL 


Instrument sub-assemblies complete 
with precision-fitted miniature 
or instrument ball bearings 


If you have a problem 
making or obtaining some 
of the proper components 
for instrument bearing 
sub-assemblies —or if you 
have trouble fitting them 
together with the required 
precision — you should 
investigate the services of the Rotassembly Division at New 


Panel Instruments 954 


Standardized line of panel instruments avail- 
able in choice of sizes, case styles, accuracies, 
pointers, scales and ranges, is composed of ac 
and dc ammeters, milliammeters, microam- 
meters, and voltmeters. New family of meters 
feature spring-back jewels with locking nuts 
for fine adjustment, interchangeability of 
clear plastic or Bakelite covers, and common 
base and shell for various mechanism types. 


(6 pp) Daystrom, Inc., Weston Instr. Div., 
Newark, N. J. 
Gas-Driven Gyros 922 


Instant starting, low-drift, gas-driven gyro 
contains 14 major parts and fewer that 40 
parts in all. Inside a self-contained cartridge 
of solid or liquid propellant is ignited by an 
electrical impulse, and burns in less than 65 
milliseconds. At temperatures from —65 to 
+165F, the unit is designed for a reliability 
of 99.6. Lear, Inc., Grand Rapids, Mich. 


Mesa Transistor Data 669 


Design characteristics and outstanding param- 
eters of 2N756A-2N760A Series NPN silicon 
diffused mesa transistors are listed. For use 
in circuits subject to severe mechanical and 
environmental conditions, the new series is 
available in the compact TO-18 package. 
These transistors offer a high BVogo, ex- 
tremely low leakage current, and excellent 
betas specified in three ranges and at two 
temperatures. (6pp). National Semiconductor 
Corp., Danbury, Conn. 


Infrared Transmitting Materials 930 
Folder reviews 15 materials, providing trans- 
mission curves and detailed properties on 
each, including long wavelength transmission 
limit in microns, index of refraction, cold 
water solubility, soluble solutions, maximum 
size and relative cost. (4 pp) Servo Corp. 
of America, Hicksville, N.Y. 


Dynamometer Test Stations 929 


Multiple evaluations of inertial gyro spin 
motors are described in bulletin (T1150) cov- 
ering stations designed specifically for labora- 
tory, development and production testing and 
for receiving inspection. (4 pp) Dunn Engi- 
neering Corp., Cambridge, Mass. 


Industrial Relays 928 


Catalog provides specifications, operating 
information and general applications data on 
general purpose, plate circuit, industrial con- 
trol, telephone, printed circuit, sensitive digi- 
tal counter, antenna, power and plug-in re- 
lays. (6 pp) Hillburn Electronics Corp., 
Brooklyn, N. Y. 


Military Electric Motor 926 


Catalog describes synchronous instrument 
motors and gearmotors and special motor de- 
vices. Also included is a group of low speed 
drive motors and new differential speed syn- 
chronous motor units. Gaylord “Rives Co., 
Pasadena, Calif. 





No 
Brushes 








NO SLOT LOCK 


No 
Commutator 





Minimum Mechanical Feedback 
Minimum Friction Load 
Maximum Life Expectancy 


Infinite Resolution 


TQ SERIES TORQUE MOTOR 


Ranges: 3 oz. in. to 75 lb. ft. torque 
8° to 60° angular motion 


2 to 115 watts power input 


Write, wire or phone: DEPT. BL-1 
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Fasteners 656 


Claimed to be the most complete listing of 
fasteners made from stainless steel, brass, 
bronze, aluminum, and monel, catalog de- 
scribes over 40,000 different sizes and types. 
Complete information is given on the appli- 
cation of AN, MS, and NAS specs. (162 pp) 
David G. Lyon, Inc., Westport, Conn. 


Analogger 674 


Design data and operating benefits appear in 
the new bulletin which also provides infor- 
mation on optional recording receivers and 
integrators for use with MP-12 analogger. 
(8 pp) Republic Flow Meters, Chicago, Ill. 





Retention/Cooling Devices 934 


Catalog includes description and _ technical 
data on tube clamps for retaining tubes and 
electronic components, tube top-holding re- 
tainers for various sizes of vacuum tubes, 
clamps for miniature plug-in tubes and com- 
ponents, JAN shield inserts for tutes, tran- 
sistor retaining clips and _ transistor/compo- 
nent heat radiators. (Cat 1-W) ( 8 pp) The 
Birtcher Corp., Monterey Park, Calif. 


Crystal Controlled Oscillators 933 


Booklet contains all requirements necessary 
to specify oscillators. Selectro chart lists the 
specifications of oscillators in frequency 
ranges from 25 cps to 20 mc. (4 pp) Moni- 
tor Products, Inc., So. Pasadena, Calif. 


CONDUCTORS 
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Torque Meter 691 


“Super-sensitive’’ torque-measuring __ instru- 
ment reads both static and dynamic torques 
in the 0.1 to 5.0 Gm-Cm ranges. Applications 
include: starting and running torques of ball 
bearings; torque measurements of subminia- 
ture motors and synchros; starting and run- 
ning tests of gyro mechanisms; hairspring 
deflection measurements; and “‘spin-testing” 
of ball bearings. (4 pp) Power Instruments, 
Inc., Skokie, Ill. 


Tuning Fork Oscillators 692 


Available in two series of transistorized 
models, Model C oscillator is for exact high 
precision requirements; and Model. E, econ- 
omy series is for less rigorous applications 
where low cost is a requirement. Bulletin 
61D describes units. (4 pp) Fork Standards, 
Inc., Chicago, Ill. 


Data Loggers 689 


Digital logging units systematically and ac- 
curately collect process data, test data and 
other operating data and present these re- 
sults in the most useful form for supervisory, 
process analysis, research and accounting pur- 
poses or for direct input into computers. 
Bulletin (D401) alerts potential users of the 
economy and application flexibility of the 


units. Photos supplement discussion of op- 
erating system installations. (6 pp) The 
Bristol Co., Waterbury, Conn. 

Digital Sub-Systems 932 


Bulletin describes packaged code converters, 
arithmetic elements, control circuitry and func- 
tion generators. Accuracies and computational 
and conversion speeds are extremely high. 
Constructed from versatile, off-the-shelf, 
standard logic building modules, delivery on 
these units is 1 to 6 weeks. (2 pp) Control 
Logic Inc., Natick, Mass. 


Corona Testing Equipment 690 


Integrated corona test sets, corona-free high 
voltage testers, corona detectors and corona 
pickup networks are described. Units detect 
and display on an oscilloscope, minute traces 
of corona whether caused by voids within 
the insulation, insufficient clearances or other 


defects in material or equipment. (4 pp) 
Assoc. Research, Inc., Chicago, Ill. 
General Purpose Relays 927 


Specifications, typical applications and dimen- 
sional drawings as well as a “contact ar- 
rangements” chart illustrating contact symbols 
and designations for all basic contact ar- 
rangements listed by the National Association 
of Relay Manufacturers are contained in 
booklet. (8 pp) Elgin Advance Relays, Bur- 
bank, Calif. 


Standard Microwave Chambers 931 


Available by “mail order,” standardized pre- 
fab designs using modular panel construction 
enable purchase of a series of chambers in a 
range of sizes. Two publications present il- 
lustrated data in detail on the physical and 
electrical characteristics of the several types 
of standard Anechoic Chambers, and of R. F. 
Shielded Chambers. (4 and 8 pp) Emerson 
& Cuming, Inc., Canton, Mass. 
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SQUARE 
COMMERCIAL 


FOR LESS THAN 


S35 PER UNIT 


-IN SMALL QUANTITIES 


Model 20 


From 100 to 20,000 ohms at tempera- 

tures of —55° to 105°C. Power rating 
| of 14 watt at 50°C, derating to zero at 
| 105°C. Resolution of 0.50% at 100 
| ohms to 0.13% at 20K ohms. Enclosed 
| in an integrated plastic case. Continu- 
| ous rotational model is in full produc- 
| tion and available from stock. For 
| additional information contact: 


I ECHNO-COMPONENTS .... 


18232 PARTHENIA STREET 
NORTHRIDGE, CALIFORNIA 
DICKENS 5-8933 
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No. 28 A.C. or D.C. 
¢ MIDGET SOLENOID 


» This versatile new solenoid 


and production engineers for 
many applications where 
greater power is required and 
space is a problem. Has tapered plug and 
plunger for additional power. Adjustable 
stroke Ye” to Y2” with lift over 41 ounces. Only 
1%” x 1” x 1%". Available in AC or DC 
voltages for continuous or intermittent duty. 





No. 22D.C.‘‘mighty midget’’ 
Only "x "x1" size. 

Stroke ranges from 1%” to %" 
and lifts up to 24 ozs. Available 
D.C. voltage only for intermittent 

or continuous duty. 


No. 24 A.C. Midget Solenoid. 
Only 14" x 1" x }%": Stroke 
ranges from \,” to 5%” with lift 
over 19 ounces. Available for 

=a) intermittent or continuous duty in 


anyA.C. voltage up to 230 V.A.C. 


No. 32D.C. 
Solenoid. 


Lifts up to 8 ounces with strokes up to %” push or 
pull types. Size: %2” max. diameter by 3%” long. 







Be 





VENDING MACHINES 


A COMPLETE LINE FOR EVERY INDUSTRIAL APPLICATION 


Galt 


Guardian offers the most complete line of solenoids from midgets 
to heavy duty laminated types. For immediate delivery of 
samples and prototypes contact your local Guardian Distributor. 






~ 16 


Wrile for complete solenoid tiie 
GUARDIAN W ELECTRIC 


MANUFACTURING COMPANY 
1562-P W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
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| Aerospace Telemetry 


| Harry L. Stiltz, Editor 
| 505 pages, $15.00 
Prentice-Hall, Inc. 
Englewood Cliffs, N. J 


With each chapter written by an out- 
standing expert in a particular phase 
of telemetry, this book includes de- 
tailed analysis of the most advanced 
data. All telemetry techniques cov- 
ered by the latest IRIG standards 
(which are included in the appendix) 
are discussed including PCM tech- 
niques. Advanced topics such as data 
sampling, high speed PAM/FM and 
predetection recording are also taken 
up. The book serves as a useful refer- 
ence guide for experienced telemetry 








engineers and also as a training aid 
for those entering the field. 


Analysis and Design of Feedback 
Control Systems 


G. J. Thaler & R. G. Brown 

648 pages, $14.50 

McGraw-Hill Publishing Co. 

327 West 41st St., New York 36, N. Y. 


This is the second edition of the well- 
known “Servomechanism Analysis” by 
the same authors. It is an excellent 
basic text for students and its cover- 
age of the most popular advanced 
techniques makes it a valuable addition 
to your reference shelf. On the whole, 
the authors have done a surprisingly 
good job of their second edition; it 
shows the work and trial that was re- 
quired. They expanded the book by 
234 pages adding primarily to the 
design sections and introducing a 
number of non-linear methods. 

All the basic linear techniques are 
presented together, showing their in- 
terrelationships, and are followed by 
two design chapters; “Introduction to 
Design” and “Application of Design 
Principles.” This organization is quite 
comprehensive and very clear, and 
should give the reader a good idea 
of how to apply his knowledge and 
also an idea of the effectiveness, or 
possibly ineffectiveness, of trying to 
optimize servos. 

The authors also present a number 
of advanced techniques starting with 
Mitrovics method for the analysis and 
synthesis of linear systems, covering 
44 pages. I was not too sure when I 
got through that it was worth the ef- 
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fort considering all the other, more 
commonly known methods for doing 
about the same thing. There is also 
a chapter on Sample Data Systems 
which seems quite poor since the Z 
transform was not used even though 
all the groundwork had been laid 
with the chapter on Laplace. The 
chapters on Phase Plane, Describing 
Function and Relay Servos, however, 
were very clear and well organized. 
My only other comment is that the 
appendices on control components 
(Error Detectors, Controllers, Servo- 
motor, and Compensating Devices) 
seemed quite rushed and_ possibly 
should have been left as a reference 

to some other books. 
M. Glasberg, Contributing Editor 


Iterative Arrays of Logical Circuits 


Frederick C. Hennie III 

219 pages, $4.95 

John Wiley & Sons, Inc., 

440 Park Ave. South, New York 16, 
N. Y. 


Especially pertinent to engineers 
working in information processing, 
switching theory and computer de- 
sign, this book examines the behavior 
of one- and two-dimensional iterative 
networks, presents a logical develop- 
ment of the properties of their various 
classes, and describes the tests that 
are available for answering simple 
questions about their operations. The 
author shows that there are no gen- 
eral procedures for answering most 
basic questions about iterative cir- 
cuits. He extends the techniques that 
are presently used for designing and 
simplifying sequential switching cir- 
cuits to various iterative networks. 


Satellite Environment Handbook 


Francis S. Johnson, Editor 
144 pages, $5.50 
Stanford University Press, 
Stanford, Calif. 


Written as a convenient reference for 
engineers involved in space-systems 
development, geophysics, meteorol- 
ogy and communications, this book is 
a comprehensive survey of the geo- 
physical environments encountered 
by artificial satellites. Data on the 
structure of the upper atmosphere, 
ionosphere, penetrating-particle _ra- 
diation, solar radiation, radio noise 
and other phenomena are presented. 
A complete description is provided 
even when observational data are 
lacking, if there is a theoretical basis 
for making an estimate. Certain con- 
troversial points are also explored. 
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a new design concept... 


HDR SERIES High precision radial 
ball bearings with maximum ball complements 
in deep groove races uninterrupted by filling 
slots or counterbore — extra high capacity — 
made in four metric series, in ABEC 3 and 
ABEC 5 precision grades. 


T SERIES Thin-section, high precision 
radial ball bearings. Type TCR with maximum 
ball complement and retainer — Type TCF 
with full race ball complement — Type TWF 
with unique integral shield. 


MIDGET T's 

Small, thin-section ra- 
dial ball bearings with 
maximum ball com- 
plements and one- 
piece retainers — high 
concentration of load 
capacity in minimal 
space results in tremen- 
dous space savings. 


FUNCTIONAL ADVANTAGES 
EXCLUSIVE WITH PATENTED 
SBB BALL BEARING CONSTRUCTION 


Split Ballbearings have many advantages over conventional ballbearings 
because of our exclusive and patented method of construction. The result 
is a new kind of precision ballbearing with the following superior per- 
formance abilities: 


MORE LOAD CAPACITY — up to 56% more radial capacity than conven- 
tional Conrad-type bearings while maintaining full thrust capacity in either 
direction. LONGER SERVICE LIFE — up to 280% more life than conventional 
Conrad-type bearings, without sacrificing load capacity. ONE-PIECE RE- 
TAINER — strong, light, precision made. SPACE SAVING — more capacity 
in a given bearing envelope means smaller bearings may be used. LOW 
TORQUE — maximum ball complements and precision one-piece retainers 
provide better load distribution within the bearing, effectively reduce start- 
ing torque, and minimize running torque. GREATER RIGIDITY, LESS DE- 
FLECTION, INCREASED RESISTANCE TO SHOCK LOADS — all these ad- 
vantages derive from using maximum ball complements in deep groove 
bearings without filling notches or counterbored rings .. . possible only with 
Split’s patented construction method. INTEGRAL SHIELDS — truly integral 
shields in thin-section bearings . . . no ring distortion. SPECIAL DESIGNS 
— Split Ballbearing’s method of construction brings new solutions to diffi- 
cult bearing problems. As a result, many of these incorporate special bearing 
designs. You are invited to consult with our Special Bearing Engineering 
Group for new approaches to your particularly difficult bearing problems. 
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Shortest way to better production, 
smoother product performance: G. S. Bevels 


Nobody argues with the old axiom, “Time is Money”—and 
it’s more and more costly to have assembly operations inter- 
rupted or slowed down by ill-fitting or defective parts. G.S. 
customers (whose roster reads like a Blue Book of American 
industry) don’t worry about such problems. They’ve learned 
that they can rely on famous G.S. precision manufacturing 
methods and rigid inspection systems for Small Gearing made 
right, every time—Gearing which meets demanding specifica- 
tions, makes assembly smoother, gives efficient performance 
in product use. ‘ 


Perhaps you use full-generated and hardened Straight Tooth 
Bevel Gears cut from alloy steels, like those illustrated (they’re 
used in outboard motors). Perhaps you need Spiral Bevels or 
Zerols. Whatever your requirements for Bevel Gearing, in- 
cluding Helicals, Internals or other types, G.S. engineering 
and G.S. quality belong on your production team! 









Si SEND FOR 


s@: FREE 


Vw" Small Gearing Guide. 
Contains useful 
charts. Send for 
your copy today! 





Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 









SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING © RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 
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10,000 P.S.I. 
SOLENOID VALVES 





Important: 
= ££ These valves are 
standard catalog items. 


@ They are available for immediate deliv- 
ery (in stock) at standard valve prices, for a service which 
generally requires costly (made-to-order) special valves. 

@ Shut off and 4-way valves in %4, % and 
Ya inch port sizes are rated for 10,000 P.S.I. liquid or 
gases. They will withstand surges of up to 15,000 P.S.I. 
without damage to the valves’ sealing qualities (designed 
for a burst pressure of 30,000 P.S.I.). 

Solenoids are available for 115, 230 and 460 volt A.C. 
operation. 

@ Long maintenance-free service is 
achieved through the leak-proof ‘‘Shear-Seal’’ design. 
Optically flat metal to metal sealing surfaces (of the 
self-aligning sealing rings and the mating rotor face) are 
protected by staying in constant intimate contact: flow is 
always through the center of the ‘‘Shear-Seals,'’ never 
across sealing surfaces. Sealing qualities actually improve 
as the seals lap themselves to a more perfect fit with each 
valve operation. There is no external shaft leakage be- 
cause the pressure is confined to the flow passages. 


For complete data write 
for catalog S-10000. 


CONTROL VALVE DIVISION 
4 
“ Warksdale valves 
5125 ALCOA AVENUE * LOS ANGELES 58 * CALIFORNIA 
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“That new Hamilton 
drafting table makes 
our old equipment 








really seem obsolete!” 


torsion AUTO- SHIFT 


Patent Pendinc 


Here is a drafting table that combines truly 
imaginative engineering with intimate 
knowledge of today’s drafting procedures. 
Exclusive new torsion bar mechanism per- 
mits smooth, silent fingertip adjustment of 
board tilt. Simple counterbalance adjust- 
ment compensates for weight added to board 
in the form of drafting machines and lamps. 
Flexible reference facilities may be used from 





either side of desk. In addition, space New freedom from fatigue 


‘ ge 2.2 is built into this table. 
economies of up to 35% are possible! 





This Torsion Auto-Shift is 


Write today for full details on the revolu- a table you can adjust to 
. ‘. . meet any and every drafting 
tionary new Hamilton Torsion Auto-Shift. ensdicneilde talk tiles. 


Ask for Catalog ADR-623. 


New Dimensions in Time and ee Efficiency tor 
and physicians ; dentists ; industrial, hospital, school labora- 
ries; draftsmer store: Whractes: home baundit 


PROFESSIONAL AND SCIENTIFIC FURNITURE 





Hamilton Manufacturing Company, Two Rivers, Wisconsin 
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Product Page 
Amplifiers, bistable 28 
Amplifiers, servo 55 
Amplifiers, transistor l 
Assemblies, servo 21 
Bearings, instrument 65, 69 
Bearings, self-aligning 60 
Blowers and fans 33 
Cable, coaxial 17 
Components, servo 21 
Converters, analog-digital 6, 29, 31 
Counters, digital readout 1 
Counters, high speed l 
Drafting tables 72 
Drives, ball-screw 44 
Drives, dual speed 54 
Drives, power converting 44 
Drives, precision 54 
Electroplating 48 
Employment 47 
Enclosures, electrical 22 
Encoders, shaft 6, 29, 31 
Encoding, digital system 6 
Environmental chambers 51 
Environmental production control 60 
Fans and blowers 33 
Fasteners 58 
Gaskets, Rfi 66 
Gears 70 
Gear motors 10-11 
Induction motors 53 
Instrument bearings 65, 69 
Insulation materials 29 
Insulation, Rfi 66 
Inverters, static 19 
Metals, precious 48 
Microwave transmission 17 
Motors, de 18 
Motors, FHP 10-11 
Motors, gear 10-11 
Motors, induction 53 
Motors, synchronous 12 
Motors, torque 18, 65 
Motors, universal 10-11 
Motor-rate tachometers Cov. 4 
Pickups, magnetic 31 
Potentiometer — synchro 23 
Potentiometers, trimming 67 
Relays, mercury wetted 39 
Relays, polar 13 
Relays, time-delay 5 
Resistors Cov. 3 
Resistors, film precision 4 
Rfi_ gaskets 66 
Scheduling charts 64 
Servo assemblies 21 
Solenoids 7, 68 
Switches, control panel 8-9 
Switches, pressure 2 
Switches, push-button 8-9 
Switches, rotary 16 
Switches, snap action 8-9 
Switches, subminiature 50 
Synchro-potentiometer 23 
Tachometers, dc 31, 52 
Tachometers, motor-rate Cov. 4 
Temperature chambers 51 
Testing, environmental 51 
Timers 12 
Transducers, magnetic 31 
Transducers, pressure 58 
Transducers, shaft angle 32 
Valves, solenoid . 71 
Washers, brazing 64 
Wire, electroplate 54 
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/extra features 








a F: | 


Daven metal film resistors 








\ e True glass-to-metal seal plus epoxy encapsulation 


’ e 25 PPM/°C. temperature coefficient over normal operating 
temperatures at no surcharge 


* Weldable leads, which are readily solderable, are standard 
on all units at no surcharge 


e Exceeds MIL-R-10509D, Characteristic C specs 
¢ Off-the-shelf delivery from your Daven distributor 


Write for full details on Types DA 2 and DA 4 









A SUBSIDIARY OF 
GENERAL MILLS 






TODAY, MORE THAN EVER, THE DAVEN © STANDS FOR DEPENDABILITY 
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CLIFTON PRECISION 
MOTOR RATE TACHOMETERS 


Clifton Precision QUALITY is built into this versatile line of 
full drag cup type Tachometers. They feature high linearity, 
high output to null ratios, and low inertia. 


Other attractive performance characteristics are a 20:1 signal 
to noise ratio in standard units with ratios up to 100:1 avail- 
able on special order. Power consumption is also lower than 
average, being 1.2 watts in typical units. 


Current leakage as a variation with temperature has been sig- 
nificantly reduced in these units by use of a new magnet wire. 
See performance curves below. 


Write or call for further 
information on these 
quality units to: area 
215 MA 2-1000, TWX 
LNSDWN, PA.. 1122(U) : 
or our Representatives. |  vemeceaturec 


LEAKAGE CURRENT 








CLIFTON 
PRECISION 
PRODUCTS 
Cco., INC. 
Clifton Heights, Pa. 
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